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PREFACE 

e 

This report provides a limited explication of current needs for 

classifying and organizing spatial data for use in urban and transportation 

planning. 

are explored. 

methods and data handling capabilities, as a requisite for utilization of 

data acquired from remote sensors mounted on earth orbital platforms. 

work provides a basis for examination of some problems of integrating 

remote sensors into a viable geographic information system. 

In addition, requirements and methods for handling spatial data 

Mr. Dueker emphasizes the dual need for data organization 

This 
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Kenneth J. Dueker 

ABSTRACT 

S p a t i a l  d a t a  systems are concerned with t h e  organiza t ion ,  handl ing,  and 

r e t r i e v a l  of d a t a  whose s p a t i a l  p o s i t i o n  i s  of concern.  

o f  p a r t i c u l a r  concern i n  urban and t r a n s p o r t a t i o n  planning.  

f i e l d s  cons ide rab le  a t t e n t i o n  i s  given t o  s p a t i a l  and temporal v a r i a t i o n s  

o f  da t a .  

S p a t i a l  d a t a  a r e  

In  t h e s e  

h 

The t h r e e  volume r e p o r t  p re sen t s  a d i scuss ion  o f  concepts  and techniques  

t h a t  are e s s e n t i a l  i n  moving towards f l e x i b l e  and respons ive  urban information 

systems. The fol lowing areas a r e  emphasized: 

1. 

2. 

Expl ica t ion  of terms a s soc ia t ed  with s p a t i a l  d a t a .  

Discussion o f  means o f  organizing s p a t i a l  d a t a  f o r  

f l e x i b l e  and e f f i c i e n t  r e t r i e v a l .  

I n v e s t i g a t i o n  of d a t a  handling c a p a b i l i t i e s  f o r  organ- 

i z i n g  and manipulat ing spatial d a t a .  

3. 

4.  Presen ta t ion  of  t h e s e  t o p i c s  i n  a t u t o r i a l  form, con- 
* 

ce ivab ly  t o  s e r v e  as a t e x t  where none p r e s e n t l y  e x i s t .  

The g r e a t e r  speeds and s torage  c a p a c i t i e s  o f  newer computers r e q u i r e s  

new concepts  of  d a t a  o rgan iza t ion  and new means t o  c r e a t e  and access  t h e s e  

more complex d a t a  s t r u c t u r e s .  O f  p a r t i c u l a r  concern i n  urban and t r anspor -  

t a t i o n  planning a r e  needs t o  l i n k  s e p a r a t e l y  c o l l e c t e d  d a t a  t h a t  r e l a t e  t o  

t h e  same phenomena o r  s p a t i a l  l o c a t i o n s ,  and a need f o r  u se r -o r i en ted  d a t a  



%--3* _. riaruling capabilities. These needs are e x p l ~ r e d  sfid re~~ii-uiiieiid~ti~iis are 

mad e. 

Volume 1 contains the Summary and Conclusions, Introduction, Data 

Handling Capabilities for Supplying the Demands for Urban Data, Nature of 

Spatial-Temporal Data, and Questions and Queries. 

Volume 2 deals with a Language to Query Spatial-Temporal Data, a 

Directory of Spatial-Temporal Data, and Hardware-Software Configurations. 

Volume 3 deals with Entity Linkage, Organization of Data for Retrieval, 

Search Efficiencies, Point in Polygon Procedures and Retrieval from Digitized 

Imagery. 

1 -  



P a r t  I11 

SY S'I'EMS CONS I DE RAT1 ONS 

Chapter 5, LANGIJAGE TO QUERY SPATIAL-TEMPORAL DATA 

Computer programs a r e  d e t a i l e d  i n s t r u c t i o n s  w r i t t e n  t o  adapt  a 

completcly general  purpose machine t o  a s p e c i f i c  problem o r  app l i ca t ion .  

To so lve  a problem us ing  a computer, one must w r i t e  a sequence of i n s t r u c -  

t i o n s ,  c a l l e d  a program, t o  con t ro l  t h e  a r i t h m e t i c  and l o g i c a l  c i r c u i t r y  

of t h e  machine. Another type of computer program, c a l l e d  "software1', i s  

designed and w r i t t e n  by computer s p e c i a l i s t s  t o  providc  u s e r s  with more 

than  j u s t  an empty machine, Software may be used f o r  bu i ld ing ,  c o n t r o l l i n g  

and modifying t h e  complex sequences of  problem s o l v i n g  procedures  requi red  

i n  h i s  computer app l i ca t ions .  E s s e n t i a l l y ,  t h e  mot iva t ions  f o r  t h e  devel-  

opment of sof tware have been t o  improve t h e  ease  wi th  which a p p l i c a t i o n s  

programs can be w r i t t e n  and problems so lved ,  and t o  reduce t h e  c o s t  of 

cons t ruc t ing ,  modifying, and execut ing a p p l i c a t i o n s  programs and so lv ing  

problems. 

Handling S p a t i a l  Data 

Urban and t r a n s p o r t a t i o n  planning ana lyses  r e q u i r e  sof tware  t o  ease  

Handling s p a t i a l  so lv ing  problems and t h e  manipulation of s p a t i a l  da t a .  

d a t a  has two sets o f  f a c e t s .  One set  re la tes  t o  c h a r a c t e r i s t i c s  of  t h e  

handlers  o r  u s e r s ,  and t h e  o t h e r  r e l a t e s  t o  c h a r a c t e r i s t i c s  o f  s p a t i a l  d a t a ,  
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User requirements  a r e  of f ive types.  Thcse are: 

1. To s impl i fy  access  t o  thc computer by t h e  u s e r ,  
permi ts  c o n t r o l  of  a problem-solver o r  d a t a  handl ing c a p a b i l i t y  by 
persons o t h e r  than  those wi th  a s p e c i f i c  programming background. 

To provide a f l e x i b l e  and powerful language i n  which t o  de f ine  
problems: A high degree o f  f l e x i b i l i t y  is  necessary  t o  handle 
d i v e r s e  problcms r e l a t i n g  t o  urban and t r a n s p o r t a t i o n  planning. 
A powerful system i s  also necessary  t o  permit  a maximum proccss ing  
c a p a b i l i t y  through a minimum of  programming o r  formal s p e c i f i c a t i o n  
OC commands. 

User -or ien ta t ion  

2. 

3. To b r i n g  about automation i n  the  performance o f  t a sks .  
should no t  be burdened with t h e  task o f  programming t h e  d e t a i l s  
of of ten-used procedurcs ,  o r  docunentat ion of  i n p u t s  and outputs .  

The use r  

4. To l i n k  r e l a t i v e l y  independent program funct ions .  D i f f e ren t  pro- 

Natural  and reasonably 
cedures  should ope ra t e  i n  concer t .  The outputs  from one program 
funct ion  should be acceptab le  by ano the r ,  
automatic  communication of  d a t a  a c r o s s  programs o r  ope ra t ions  i s  
e s s c n t i a l  i n  urban and t r a n s p o r t a t i o n  planning app l i ca t ions .  

5. To des ign  a system t h a t  can be r e a d i l y  expanded t o  handle addi-  
t i o n a l  problems i n  urban and t r a n s p o r t a t i o n  planning. 
sof twarc  system should be designed f o r  growth and improvements. 

Requirements t h a t  r e l a t e  t o  us ing  s p a t i a l  d a t a  f o r  urban and t r anspor -  

Any 

t a t i o n  planning a r e  of t h r e e  types.  These a r e :  

1 ,  To s impl i fy  access t o  da t a  by l o c a t i o n a l  c r i t e r i a ,  Urban and 
t r a n s p o r t a t i o n  p lanning  ana lyses  o f t e n  r e q u i r e  s e l e c t i o n  of d a t a  
by s p a t i a l  l oca t ion .  
t he  p r o g r a m i n g  system and b) t o  t h e  o rgan iza t ion  o f  d a t a  i n t o  
s e p a r a t e  f i l e s  o r  lists f o r  d i f f e r e n t  s p a t i a l  a r eas .  
t o  the  programming system, the s e l e c t i o n  process  should be e a s i l y  
def ined  and e f f i c i e n t ,  

T h i s  problem i s  twofold and r c l a t e ,  a) t o  

With r e spec t  

2. To s impl i fy  access  t o  da t a  by temporal c r i t e r i a .  In a way similar 
t o  s p a t i a l  l o c a t i o n  c r i t e r i a ,  t h e  programming system should permit  
an e a s i l y  def ined  and e f f i c i e n t  s e l e c t i o n  o f  d a t a  itenis by 
temporal c h a r a c t e r i s t i c s .  

3. To r e t r i e v e  or  s e l e c t  r e l a t e d  d a t a  from more than  one f i l e .  To 
select  d i f f e r e n t  d a t a  r e l a t e d  t o  a person o r  s e v e r a l  i tems of  d a t a  
r e l a t i n g  t o  a loca t ion  is a d e s i r a b l e  c a p a b i l i t y .  
how d a t a  are organized,  a programming system m u s t  be capable  of 
matching e n t i t i e s  from d i f f e r e n t  f i l e s  o r  sea rch ing  d a t a  s t o r e d  
on cha in  s t r u c t u r e s .  

Depending upon 

These requirements  f o r  handl ing s p a t i a l  d a t a  can only be p a r t i a l l y  met by 

e x i s t i n g  d a t a  handl ing c a p a b i l i t i e s ,  such as t hose  desc r ibed  i n  Par t  XI, 
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~ .. 
Chapter 2. 'me only system, of those  reviewed i n  Chapter 2: t h a t  meets 

t h e  u s c r  requirements i s  GIS (Generalized Information System). Howcver, 

a t  t h e  t ime o f  t h i s  w r i t i n g  i t  is  n o t  f u l l y  ope ra t iona l .  

w i l l  only be a v a i l a b l c  t o  IBEI System/360 users .  

f u l l y  meet t h c  k q u i r e m e n t s  r e l a t i n g  t o  spa t i a l - t empora l  da t a ,  t he  system 

In a d d i t i o n ,  i t  

Although GIS does not  

appa ren t ly  could be augmented t o  meet t h e s e  needs of  s e l e c t i n g  d a t a  by 

s p a t i a l  l oca t ion .  Even with systems such as GIs, t h e r e  i s  a need f o r  

experimentat ion w i t h  s p e c i a l l y  designed systems f o r  handl ing s p a t i a l  da t a .  

Except f o r  Span, arid t o  some ex ten t  Mark 111, the  systems a r e  n o t  o r i cn ted  

t o  urban and t r a n s p o r t a t i o n  planning. However, t h e s e  two a r e  very much 

hardware dependent and confined t o  d a t a  s t o r e d  on s e r i a l  f i l e s .  

What i s  needcd is  a user -or ien tcd  programming language f o r  express ing  

problems r e l a t i n g  t o  manipulation of  s p a t i a l  da t a .  The o b j e c t i v e  i s  t o  

g ive  t h e  p lanner  a t o o l  f o r  communicating, i n  something nea r  h i s  own 

language, with t h e  computer. Such a system should be designed independent 

of hardrvare t o  enable  more widespread implementation. 

The emphasis upon u s e r - o r i e n t a t i o n  excludes t h e  genera l  purpose 

programming languages. General o r  procedure-or ien tcd  programming systems 

such as For t ran ,  Algol and Cobol are no t  considered here  because of t h e i r  

o r i e n t a t i o n  t o  more un ive r sa l  a p p l i c a t i o n s ,  Grea ter  s k i l l  and experience 

i s  requ i r ed  t o  use t h e s e  systems than can be demanded f o r  u s e r s  i n  

urban and t r a n s p o r t a t i o n  planning. 

S i m i l a r l y ,  l i s t  proccssors ,  such as Lisp, IPL V ,  and S l i p  a r e  not  

s u i t a b l e  because they  r e q u i r e  s p e c i a l i z e d  programming s k i l l s  and are not  

o r i e n t e d  t o  handl ing l a r g e  f i l e s  of s p a t i a l  da ta .  Systems such as S imscr ip t  

*Span, blark 111, Colingo, IDS, GIS and On-line Data blanagcment. 
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t h a t  a r e  designcd'  f o r  o t h c r  problcms are a l s o  no t  s u i t a b l c .  Evcn though 

S imsc r ip t  has genera l  programming and l ist  p roccss ing  c a p a b i l i t i e s ,  i t s  

documentation and o r i e n t a t i o n  i s  f o r e i g n .  t o  urban q id  t r g n s p o r t a t i o n  

p l anne r s .  

t h e  t o o l s  o f  o t h e r s ,  as t h e i r  needs a r e  s u f f i c i e n t  t o  demand t h e i r  own 

. 
1 

' I  
1 

Urban and t r a n s p o r t a t i o n  p l anne r s  should n o t  have t a  r e l y  upon 

t o o l s .  

In t roduc t ion  t o  Quest 

The Quest (QUEry - of  3 a t i a l - T e m p o r a l  - Data) language is proposed t o  

f a c i l i t a t e  t h e  manipulation and r e t r i e v a l  o f  s p a t i a l l y  d i s t r i b u t c d  da ta .  

Quest would permit t h e  f l e x i b l e  express ion  o f  i n s t r u c t i o n s  i n  use r -o r i en ted  

terms. 

concerning d a t a  and t h e  p r i n c i p a l  dimensions, which were in t roduced  i n  

Chapter 3 .  

The use r -o r i en ted  terms used by Quest r e l a t e  t o  t h e  d e f i n i t i o n s  

Although t h e  Quest language is r e l e v a n t  t o  t h e  u s e r ,  it i s  no t  a 

h i g h l y  s o p h i s t i c a t e d  language. * 

language f o r  coinnunicating with the  computer. 

lower l e v e l  of s y n t a c t i c a l  complexity and i s  more h i g h l y  forniatcd and 

s t y l i z e d  than n a t u r a l  English language. 

Quest i s  a s i m p l i f i e d  and h i&hly  s t y l i z e d  

Therefore ,  Quest i s  a t  a 

Quest i s  designed t o  enable  access ing  d a t a  i n  unan t i c ipa t ed  ways; i n  

The ways t h a t  c u t  ac ross  any preconceived o r g a n i z a t i o n  of t h e s e  d a t a .  

purpose of Qucst is t o  enable a user t o  approach d a t a  i n  novel and unant ic -  

i p a t e d  ways and t o  e l i c i t  d a t a  r e l evan t  t o  h i s  needs. 

Quest does not  i nc lude  a coniplex p rocess ing  c a p a b i l i t y .  Ratller, Quest 

ou tput  provides  inpu t  d a t a  f o r  powerful a lgor i thms.  

such a s  r e g r e s s i o n  and f a c t o r  a n a l y s i s ,  are r e a d i l y  a v a i l a b l e  i n  packages, 

S ince  t h e s e  a lgo r i thms ,  

*Quest i s  d iscussed  i n  t h e  p re sen t  t e n s e  a l though i t  i s  only i n  t h e  
des ikn  s t a g e .  
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a lgo r i thms .  

These language c a p a b i l i t i e s  and design cons ide ra t ions  a re  c o n s i s t e n t  

wi th  t h e  th inking  of t h e  group cons ider ing  "Entry and Query Language Design" 

i n  Raw [l, Sec. 5, p .  71. A work s e s s ion  o f  t h e  Symposium on Computer- 

Centered Data Base Systems considered va r ious  a s p e c t s  of query language 

des ign  and prepared a cogent s ta tement  of  t h e  group's consensus as t o  t h e  

d e s i r a b l e  a s p e c t s  of query languages.  

S t a t u s  of  Quest 

The Quest language i s  p a r t i a l l y  s p e c i f i e d ,  but  has not  been implemented. 

The language i t s e l f  i s  descr ibed i n  t h e  next  s e c t i o n  o f  t h i s  chap te r .  

a d d i t i o n ,  t h e  l a s t  s e c t i o n  conta ins  a Backus Normal Form* approximation t o  

t h e  formal syntax of t h e  Quest language. 

assist i n  t h e  removal of ambigui t ies  i n  t h e  language, t hus  f a c i l i t a t i n g  

eventual  implementation.** 

In  

The Backus n o t a t i o n  i s  used t o  

C lea r ly ,  a t r a n s l a t o r  must be w r i t t e n  i n  o r d e r  t o  t r a n s l a t e  from Quest 

language t o  a t a r g e t  language. This  t a r g e t  language is ,  o r  i n  t u r n  must be 

assembled o r  t r a n s l a t e d  i n t o ,  a machine language. For i n s t a n c e ,  t h e  t r a n s -  

l a t o r  could be an Algol o r  Fortran program, which t r a n s l a t e s  from t h e  Quest 

language t o  a symbolic machine language such as  Map f o r  t h e  IBM 7094 o r  

Compass f o r  t h e  CDC 3400. O r  the  t r a n s l a t o r  may t r a n s l a t e  from Quest t o  

For t r an  o r  Algol,  which would then r e q u i r e  a d d i t i o n a l  t r a n s l a t i o n .  This  

*See t h e  Revised Report on the  Algorithmic Language Algol 60 [ 3 ] ,  f o r  

**Not a l l  ambigui t ies  have been removed. I t  i s  not  warranted a t  t h i s  
a p p l i c a t i o n  of t h e  Backus m e t a l i n g u i s t i c  formulae t o  Algol .  

l e v e l  of  i n v e s t i g a t i o n .  
menta t ion .  For example, ambigui t ies  e x i s t  wi th  r e spec t  t o  input -output  
formats  and subsc r ip t ed  v a r i a b l e s .  

Addit ional  work i s  necessary  p r i o r  t o  a c t u a l  imple- 
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cho ice  depends, i n  p a r t ,  on 

Algol .  

Conceptual ly ,  Quest i s  

mental  problem of  u t i l i z i n g  

The implcmentation i s s u e  i s  

t h e  e f f i c i e n c y  of t r a n s l a t i n g  t o  F o r t r g n  o r  

hardware indcpendcnt . However, t h e  more funda- 

Quest e x i s t s  i n  terms of i t s  implcmentation. 

l a r g e l y  one of t h e  system, both hardware and 

d a t a  s t r u c t u r e .  

Data S t r u c t u r e  

Quest i s  conceived of working wi th  d a t a  sets s t o r e d  011 l ists  Or as 

data mat r i ces ,  * Documented f i l e s  and lists a r e  envis ioned t o  i n s t r u c t  

s p e c i f i c  u s e r  programs as t o  t h e  d a t a  formats .  Thus, Quest does not 

r e q u i r e  u s e r  express ions  of  format.  The v a r i a b l e s  o r  p r o p e r t i e s  i n  a f i l e  

o r  on a list a re  s p e c i f i e d  by the documentation. S e l e c t i o n  of  t h e  f i l e  o r  

l ist t o  query i s  a d i f f e r e n t  problem. Quest i s  concerned, a t  one l e v e l ,  

wi th  t h e  s e l e c t i o n  of a d a t a  set o r  t h e  d i f f e r e n t i a t i o n  between d a t a  s e t s .  

A t  a lower l e v e l ,  Quest i s  conccrned with t h e  s e l e c t i o n  of  e n t i t i e s  from 

a d a t a  set  o r  t h e  d i f f e r e n t i a t i o n  wi th in  d a t a  s e t s .  Here, it is  assumed 

t h a t  t h e  a p p r o p r i a t e  d a t a  set  f o r  query i s  r e a d i l y  a c c e s s i b l e  by spec i fy ing  

name, l o c a t i o n ,  and t ime dimensions. A more d e t a i l e d  t rea tment  of  d a t a  set  

o r  f i l e  s e l e c t i o n  is  presented  ir ,  Chapter 6 .  

The hardware used i n  s t o r i n g  d a t a  s e t s  i s  depepdent upon whether d a t a  

a re  s t o r e d  as a s e r i a l  f i l e  o r  on a l i s t .  When dea l ing  with s e r i a l  f i l e s ,  

*See P a r t  I V ,  Chapter 9 f o r  a t u t o r i a l  d i scuss ion  of  organiz ing  d a t a .  

Columns r ep resen t  c h a r a c t e r i s t i c s  o r  p r o p e r t i e s  
A d a t a  mat r ix  i s  organized a s  a s e r i a l  f i l e  with t h e  rows r ep resen t ing  
obse rva t ions  o r  e n t i t i e s .  
of an  e n t i t y .  For l i s t s ,  t h e  s to rage  l o c a t i o n  of  t h e  next  item i s  s p e c i f i e d  
r a t h e r  t han  implied.  
l i s t .  Data s to red  as l i s t s  f a c i l i t a t e s  t h e  i n s e r t i o n  and d e l c t i o n  of i t ems .  

P a r t  of t he  item i s  a p o i n t e r  t o  t h e  next  i tem on t h e  



7 

e x t e r n a l  devices  such as magnetic t ape  a r e  most used. For l ists ,  l a r g e  

d i r e c t  acccss  s t o r a g e  dcvices  a re  used. 

S t r u c t u r e  of Quest - 
A Quest program' ia  R means of  r ep rescn t ing  a ques t ion  as a set  of 

commands. A Qucst program may cons i s t  of  f i v e  types  of s ta tcments .  These 

arc:  1) d a t a  set  s e l e c t i o n  s ta tements ,  2)  e n t i t y  s e l e c t i o n  s t a t cmen t s ,  

3 )  modif ica t ion  s t a t emen t s ,  4) manipulation s t a t emen t s ,  and 5) output  

s t a t  emen t s . 
I l l u s t r a t i o n  of Quest 

A Quest program is  i l l u s t r a t e d  here .  Presented f o r  each typc  of s t a t e -  

ment is: 1)  an i l l u s t r a t i v e  s tandard form, 2 )  an example s ta tement ,  and 

3 )  an explana t ion  of  t h e  example. The example p e r t a i n s  t o  a f i l e  conta in ing  

d a t a  on a household t r a v e l  behavior s tudy.  The e n t i t i e s  of  t h i s  example 

f i l e  are liouseholtls. The p r o p e r t i e s  of  t h e  households a r e  c h a r a c t e r i s t i c s  

r e l a t i n g  t o  t r a v e l  behavior .  

The problem i s  t o  s e l e c t  households owning two or more cars, having 

t h r e e  o r  more d r i v e r s ,  and who made more than t e n  t r i p s  on t h e  day p r i o r  t o  

t h e  in te rv iew.  Then summarize the s e l e c t e d  households t h a t  are loca ted  i n  

the same q u a r t e r  square mile a r e a l  u n i t s ,  

Data set  s e l e c t i o n  s ta tement :  

1. FOR <da ta  s e t > ,  LOCATIO;"\' = < l o c a t i o n  dimension>, TINE = 
<time dimension>; 

2. FOR HHTRAVEL, LOCATION = SKOKIE,  T I M  = 64; 

*Simi la r ly  t h e  b a s i c  statement of t h e  Fable on - l ine  language of  Mitre 
Corpora t ion ' s  Adam System c o n s i s t s  o f  a s e l e c t i o n - p a r t ,  an ac t i0 .n-par t ,  and 
an ou tpu t -pa r t ,  
e n t i t i e s ,  and t h e  output -par t  has a manipulat ion capac i ty .  See Baum 
[ I ,  p.  3-1171 f o r  a b r i e f  d e s c r i p t i o n  of Fable ,  

The ac t ion -pa r t  i s  capable  of modifying and s e l e c t i n g  
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E n t i t y  s e l e c t i o n  s ta tement:  
I 

1. IF <Roolean expression>;* 

2. IF CAR GT 1 AND NDRIVER G'T 2 AND AUTO.TRIPS GT 10; 
s .I 

t 

3 .  Se lec t  household e n t i t i e s  having more than  one automobile,  
more than  two l i censed  d r i v e r s ,  and t h a t  made more than  
t e n  au to  t r i p s  on t h e  day p r i o r  t o  t h e  in t e rv i ew.  

Modif icat ion s ta tement :  

1. ADD (<proper ty  name> = < a r i t h m e t i c  express ion>)  . 
DELETE (<proper ty  name>) ; 

2. ADD (0THER.TRIPS = TRIPS - AUTO.TRIPS); 

3 .  For t h e  s e l e c t e d  e n t i t i e s ,  a new p rope r ty  i s  c r e a t e d  and 
none a re  d e l e t e d .  

Manipulat ion s ta tement :  

SLJM (<proper ty  name>, <proper ty  name>) ON (<proper ty  name>) 

r%g:T] ; 
2. SORT ON (QSECNO ASCENDING) ; 

SUM (CAR, NDRIVER, AUTO.TRIPS, 0TMER.TRIPS) ON (QSECNO) AND 
COUNT; 

3 .  For t h e  s e l e c t e d  household e n t i t i e s ,  s o r t  i n  ascending o rde r  
by q u a r t e r - s e c t i o n  number. Sum t h e  va lues  f o r  t h e  i n d i c a t e d  
p r o p e r t i e s  f o r  each o f  t h e  q u a r t e r - s e c t i o n  numbers and count 
t h e  number of s e l e c t e d  household e n t i t i e s  w i th in  each q u a r t e r -  
s e c t i o n .  

Addi t iona l  blodif icat ion Statement:  

1. ADD (AVATRPS = AUTO.TRIPS/COUNT, AVOTRPS = OTHER.TRIPS/COUNT); 

*The Quest t r a n s l a t o r  genera tes  a t a r g e t  program t h a t  a l lows  c n t i t i e s  
s a t i s f y i n g  t h e  Boolean expression t o  be  processed by subsequent s t a t emen t s .  
The e n t i t y  s e c t i o n  o r  cond i t iona l  s ta tement  q u a l i f i e s  d a t a  e n t i t i e s  f o r  
f u r t h e r  process ing .  
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2 .  The purpose of  t h i s  a d d i t i o n a l  modi f ica t ion  i s  t o  c a l c u l a t e  
t h e  avcrage number of auto t r i p s  and t h e  average number of 
non-auto t r i p s  f o r  each q i ia r tc r  s e c t  i on .  
0 T I I E R . T R I P  idcr i t ' i f i c rs  now r c f c r  t o  t h e  p rope r ty  va lues  summed 
i n  t h e  manipulat ion s ta tement .  

The AUTO . T R I P S  and 

1 

Output Statement : 
' 'I 

1 

1 P R I N T ,  T I T L E  (<format s t a t  emcnt >) 
1. [SAVE, NAME ( < f i l e  name.) 

D I S P L A Y ,  T I T L E  (<format s ta tement>)  , (<property name l i s t >  
(<format s t a t emen t>) )  ; END 

2 .  P R I N T ,  1 I ' I l E  ( X  ( 4 0 ) ,  "HOIISEI-IOLD TRAVEL BEHAVIOR STUDY* / 
X(45), * S K O K I E ,  I L L .  1964* //, X(40) ,  *SUMMARIZED QUARTER- 

HIGH TRIP-b IAKING C H A R A C T E R I S T I C S  *//  . . .), (CAR, NDRIVER,  
S E C T I O N  S T A T I S T I C S * "  /, X ( 3 5 ) ,  *SELECTED IIOUSEIIOLDS WITH 

AIJTO .TRIPS, AVATRPS,  OTllER .TRIPS, AVOYRPS,  COUNT, QSECNO 
(X(20), 3F(10), F(10,2) ,  F(10) ,  F(10 ,2) ,  2F(10)) ) ;  END 

3 .  The output  s ta tement  s p e c i f i e s  whether p r o p e r t i e s  of t h e  s e l e c t e d  
o r  c r e a t e d  e n t i t i e s  be p r i n t e d ,  d i sp l ayed ,  o r  saved as a new f i l e .  
In  t h e  example output  s ta tement ,  p r i n t i n g  of t h e  newly c r e a t e d  
q u a r t e r - s e c t i o n  e n t i t i e s  i s  s p c c i f i e d .  
mobiles ,  t o t a l  number of l i censed  d r i v e r s ,  t o t a l  number of au to  
t r i p s  v i a  o t h e r  t r a v c l  mode, average number o f  t r i p s  by o t h e r  
mode, number of  s e l e c t e d  households i n  each q u a r t e r  s e c t i o n  zone, 
and t h e  q u a r t e r  s e c t i o n  zone number, a r e  a l l  s p e c i f i e d  t o  be  
p r i n t e d  f o r  each of  t h e  newly c r e a t e d  q u a r t e r  s e c t i o n  a r e a l  u n i t  
e n t i t i e s .  

The t o t a l  number of au to-  

The format s ta tement  symbolism i s  similar t o  t h a t  of P L / I .  How- 
ever ,  if t h e  u s e r  on ly  s p e c i f i e s  t h e  p rope r ty  names a s tandard  
format i s  used .  

A more t y p i c a l  and s t ra ight - forward  query might be:  

FOR IM TRAVEL;  I F  INCOME GE 10000; P R I N T ,  T I T L E  ( . . . . .), 
(INCOME, CARS,  NDRIVERS,  A U T O . T R I P S  . . . (X(20) ,  4F(10)) ;  END 

where only  t h o s e  s ta tements  t h a t  a r e  necessary  t o  provide t h e  needed output  

are  used.  I t  i s  re-emphasized t h a t  t h e  above i s  merely i l l u s t r a t i v e  of t h e  

t y p e  of c a p a b i l i t y  sought.  The example does not  exhaust t h e  c a p a b i l i t i e s  of 

Quest,  nor  should t h e  example be  construed a s  r ep resen t ing  a f i n a l i z e d  

s y n t a t i c a l  o r  semat ica l  s t r u c t u r e  sf Quest.  



Level of Quest 

Ques t ,  as : s c r ibed 'he re ,  i s  a r eLzrence  language r a t h e r  than  a hardware 

language. 

phi losophy i s  s i m i l a r  t o  t h e  th ree  l e v e l s  of Algol ,  namely, a r e f e r e n c e  

language , a p u b l i c a t i o n  language, and seve ra l  hardware r e p r e s e n t a t i o n s .  

As suc!i, Quest i s  a guide f o r  a l l  hardware r e p r e s e n t a t i o n s .  This  

. I  

Symbolism of Quest 

The symbolisin used i n  Quest i s  similar t o  t h a t  used i n  P L / I . *  That i s ,  

t h e  symbols f o r  a r i t h m e t i c ,  r e l a t i o n a l ,  and Boolcan ope ra to r s  a r e  t h e  same 

as used i n  P L / I .  Thus, Quest i s  a PL/I - l ike  language r a t h e r  than ,  say ,  an  

Algo l - l i ke  language. 

Quest i s  designed t o  express q u e r i e s  t o  s p a t i a l l y  d i s t r i b u t e d  d a t a .  

Because of  t h e  hardware independcnce, t h e  c o n s t r a i n t s  upon Quest a r e  few. 

Like Algol,  Quest,  i f  impleinented on v a r i o u s  computers, may be modified 

s l i g h t l y  c r e a t i n g  t h e  ex i s t ence  o f  va r ious  d i a l e c t s .  On t h e  o t h e r  hand, t h e  

d i f f i c u l t y  with most e x i s t i n g  uscr -or ien ted  languages i s  t h a t  t h e  language 

and systems were developed s imultaneously.  

t h e  development of  t h e  languages. 

t h a t  i s  not  systems cons t r a ined .  Howevcr, i n  implerncntation, Quest will 

be  cons t ra ined  by both systems cons ide ra t ions  and t h e  d a t a  s t r u c t u r e .  

Systems l i m i t a t i o n s  cons t ra ined  

Quest i s  an a t tempt  t o  des ign  a language 

Ques t  Semantics 

Presented  he re  i s  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  semantical  s t r u c t u r e  

of t h e  Quest language. The formalisms f o r  s y n t a c t i c a l l y  desc r ib ing  Quest 

* P L / I  (Programming Language I )  i s  being developed by SHARE and I B b l .  I t  
h a s  p rev ious ly  been r e f e r r e d  t o  a s  NPL (New Programming Language). 
blcCrackcn [31 and Radin and Rogoway [ 4 ]  f o r  b r i e f  d e s c r i p t i o n s .  

See 
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i s  the  Ikickus h'orinnl I:orm nota t ion .  'l'iiis i s  presented  i n  the  l a s t  s c c t i o n  

of  t h i s  chap te r .  

usage o€ Quest  stateiacii ts .  

e n t i t y  sc l e c t  ion ,  niodi f i c a t  ion ,  manipul a t  ion ,  and output  - - is  des  bribed and 

'TIE f o l  lowi'ng d e s c r i p t i o n  concei i t ra tcs  on the  meaning and 
I 

Each type o f ,  s ta tement--data  s e t  s e l e c t i o n  
I . L  

i t s  meaning discussed.  

Data Se t  S e l e c t i o n  Statement.  The purpose of  t h i s  s ta tement  i s  t o  enable  
Ic-xc_c- - ... 

t h e  s e l e c t i o n  of d a t a  from the var ious kinds of d a t a  t h a t  a r e  a v a i l a b l c  

wi th in  the  system. The d a t a  s e t  s e l e c t i o n  s ta tement  is dependent upon a 

d a t a  d i r e c t o r y  o r  index t h a t  is pa r t  of t he  system. 

aware of the  index and select  f i les  t h a t  are contained t h e r e i n ,  us ing  t h e  

p re sc r ibed  i d e n t i f i e r s  f o r  propel- t ies  

are n o t  contained i n  t h e  d i r ec to ry .  

Thus,  t he  u s e r  must be 

o r  completely desc r ibe  f i l e s  tha t  

S e l e c t i o n  of f i l e s  r e q u i r e s  s p e c i f i c a t i o n  by name of t h e  d e s i r e d  f i l e .  

I f  d a t a  o f  t h e  same name are compartmentalized i n t o  d i f f e r e n t  f i l e s  

according t o  loca t ion  and/or  time, t h e s e  dimensions must a l s o  be s p e c i f i e d .  

On t h e  o t h e r  hand, if cach f i l e  has a unique name i t  i s  no t  necessary  t o  

dcs igna te  t h e  loca t ion  and time dimensions. 

A n  important c a p a b i l i t y  des i r ed  i n  any Ques t  implementation i s  a mearis 

of matching o r  l i n k i n g  e n t i t i e s  from one f i l e  t o  e n t i t i e s  of another  f i l e .  

Linkage i s  based upon matching i d e n t i c a l  va lues  f o r  s p e c i f i e d  p r o p e r t i e s .  

For in s t ance ,  matching person e n t i t i e s  of  a personnel  f i l e  t o  person e n t i t i e s  

of an o rgan iza t ion  f i l e  r equ i r e s  matching on the  persons name, s o c i a l  s e c u r i t y  

number employee number, o r  o the r  unique i d e n t i f i e r s ,  The d a t a  s e t  s e l e c t i o n  
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s ta tement  perforiris t h e  matching of e n t i t i e s  from TWO f i l e s  .'*? i'v'ithin the 

e n t i t y  sel  ec t ion  s ta tcmcnt  and reniaining stateii icnts i t  then  becomes neccssary  

t o  r e l a t e  t h e  proper ty  nane i d e n t i f i e r s  with t h c  appropr j a t e  f i l c s .  For 

example, t h e  matching ]nay be on the  l o c a t i o n  coord ina tc  of  one f i l e  t o  

t h e  l o c a t i o n  coord ina te  of another ,  i . e . ,  XY(FILE.1)EQ XY(FILE.2) , o r  t h e  

match may be on t h e  employee number f o r  person e n t i t i e s  of t h e  personncl  and 

o rgan iza t ion  f i l e s ,  i . e .  , EFlPWO(PERS)EQ EhIPNO(0RGAN).  

With inc reas ing  use of f a s t e r  and cheapcr d i r e c t  access  s t o r a g e ,  mcans 

of responding t o  t h e  above problems will be d i f f e r e n t .  

be s t o r e d  on d i r e c t  access  s to rage  devices  , with address  l i n k s  between 

Rather ,  da t a  w i l l  

e n t i t i e s  i n  d i f f e r e n t  f i l e s .  

For example, a n a l y s i s  of household t r a v e l  d a t a  may be g r e a t l y  f a c i l i -  

t a t e d  by chaining t r i p  e n t i t i e s  from t h e  same household toge the r  and t o  t h e  

mas ter  o r  household e n t i t y .  Figure 5-1 i l l u s t r a t e s  t h e  master  o r  h o u s e h o l ~  

e n t i t i e s  wi th in  d i r e c t  access  s tn rage .  

from t h e  household e n t i t i e s .  

con ta in ing  a l i s t  of t r i p s  made by members of t h a t  household.  

The t r i p  e n t i t i e s  a r e  s e p a r a t e  

Each household e n t i t y  heads a cha in  

In  Quest, t h e  need i s  t o  u s c  cha in  address ing  as a way of g e t t i n g  t o  

a subord ina te  segment record  from t h e  master  segment r eco rd ,  of g e t t i n g  t o  

t h e  next  a s soc ia t ed  subord ina te ,  and f i n a l l y  of g e t t i n g  from t h e  l a s t  sub- 

o r d i n a t e  segincnt record  t o  t h e  master  segment. 

cha in ing  it i s  necessary  i n  d a t a  d e f i n i t i o n  t o  s p e c i f i c a l l y  i d e n t i f y  t h o s e  

To accomplish l inkage  o r  

"To reduce search  time and t o  f a c i l i t a t e  implementation it i s  reasonable  
t o  r e q u i r e  t h a t  t h e  f i l e s  be  sor ted  i n  t h e  same o rde r  ( i . e . ,  s o r t e d  on t h e  
i d e n t i f i e r  t o  be used f o r  matching).  
ment t o  perforin t h e  s o r t i n g ,  p r i o r  t o  t h e  e n t i t y  s e l e c t i o n  s ta tement  t h a t  
performs t h e  match. 

This  may r e q u i r e  a manipulat ion s t a t e -  
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I 

p r o p e r t i e s  t h a t  cQnta in  p o i n t e r s  r a t h c r  than  d a t a .  Thc Quest t r ans1  a t o r  

must gene ra t e  tlic nccessai-y i n s t r u c t j  ons t o  search  cha ins  whcn a proper ty  

i d e n t i f i e r  i s  used t h a t  i s  a lso a subdrd ina te  segi:icnt'. For example, when 
8 .  

t h e  t r i p  p rope r ty  of t h e  households a r e  used i n  a QL:cst program, cthc t r i p  

segmcnt i s  en tered  and searched .  

A s p e c i a l  type  of d a t a  s e l e c t i o n  s ta tement  enables  t h e  reading  of f i l e s  

t h a t  a r e  not  i n  t h e  sys tem's  d i r e c t o r y  o r  index. 

no t  def ined  by t h e  system, t h e  f i l e  must be  descr ibed  i n  t h e  query.  

fo l lowing  example i l l u s t r a t e s  t h e  a d d i t i o n  of new d a t a :  

Because t h e s c  d a t a  a r e  

The 

FOR DATA = < f i l e  name>, LOCATION = < l o c a t i o n  dimension>, TINE = 

<time dimension> (<proper ty  name>, <proper ty  name>, <proper ty  name>, 

. . . . , (<format>)) ;  

FOR DATA = HH.TRAVEL, TIME = 66; (CITY, SCOORD, YCOORD, STRUCTURE.TYPE,  

NCAR, NPER, '  ' (A(1), 2F(5), 21(1) ,  I ( 2 ) ,  . . . ) I ;  
DATA i s  a reserved  i d e n t i f i e r ,  which when used as t h e  f irst  i d e n t i f i e r  i n  

a s e l e c t i o n  s ta tement ,  c a l l s  a read procedure.  

from a system def ined  input  device according t o  t h e  format s p e c i f i e d .  

i npu t  i n  t h i s  manner can be queried j u s t  as e x i s t i n g  d a t a  i n  t h e  system 

E n t i t y  S e l e c t i o n  Statement .  This  s ta tement  c o n s i s t s  o f  cond i t iona l  s t a t e -  

ments of  t h e  type :  

The read  procedure reads  

Data 

1. I F  <Boolean express ion>;  

2 .  I F  <Boolean expression> THEN <uncondi t iona l  s ta tement>  

ELSE <condi t iona l  s ta tenlcnt>;  

The f irst  type  of e n t j t y  s c l e c t i o n  s ta tement  q u a l i f i e s  e n t i t i e s  f o r  f u r t h e r  

process ing .  

i s  dropped and a new e n t i t y  i s  read from t h e  f i l e  and t e s t e d .  

s e l e c t i o n  s ta tement  enables  t h e  embcdding of I F  s ta tements  t o  t e s t  an e n t i t y  

If t h e  expression i s  f a l s e ,  f o r  a p a r t i c u l a r  e n t i t y ,  t h a t  e n t i t y  

The sccond 
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f o r  va r ious  coiidi t i o n s .  The Boolean express ions  of  t h e  cmbcdded 1 F  c l a u s c s  

a re  evaluatcd one a f t e r  anolhcr  u n t i l  one y i c ld ing  t h e  va lue  t r u c  i s  found. 

Then t h c  next  e n t i t y  i s  eva lua ted .  

fo l lowing  t h e  compound e n t i t y  s e l e c t i o n  s ta tement  i s  executed. 

Upon, t e s t i n g  a l l  c n t j t i c s  t h e  s ta tcmcnt  

I n  dea l ing  with ' s p a t i a l l y  d i s t r i b u t c d  d a t a  t h e  de te rmina t ion  of whether 

an e n t i t y  l i e s  wi th in  a s p a t i a l  a rea  i s  an important c a p a b i l i t y .  When t h e  

l o c a t i o n a l  proper ty  of d a t a  e n t i t i e s  a r e  geographic coord ina te s  a procedurc 

must be r e a d i l y  a v a i l a b l e  t o  t e s t  whether t h e  coord ina te s  a . re .within a 

polygon r ep resen t ing  t h e  s p a t i a l  area.  Thus, t h e  Quest t r a n s l a t o r  must have 

a b u i l t - i n  point- in-polygon procedure and a means of c a l l i n g  i t .  This  c a l l  

i s  of  t h e  form: 

1 .  ADD (POLYGON, n,  xpl ,  ypl , xp2, yp2, . . . , xpn, YP,) ; 

2 .  I F  <x-coordinate  i d e n t i f i e r >  AND <y-coordinate  i d e n t i f i e r >  I N  

POLYGON OR ONLINE? . [ <empty> J '  
3 .  ADD (<query area i d e n t i f i e r >  = <polygon number>); 

The above sequence of  s ta tements  impl ies  t h e  t r a n s l a t o r  has  some very 

s p c c i f i c  c a p a b i l i t i e s .  

i s  a common p a r t  of  s p a t i a l  que r i e s .  

t e s t  t o  be made with ease .  For in s t ance ,  t h e  t r a n s l a t o r  must have t h e  

fo l lowing  spec ia l i zed  c a p a b i l i t i e s :  

The t e s t i n g  of  whether a po in t  i s  wi th in  a polygon 

Thus, t h e  system should enable  t h i s  

1. An ADD (POLYGON . .) modif ica t ion  s ta tement  pos i t i oned  p r i o r  

t o  t h e  e n t i t y  s e l e c t i o n  s ta tement  des igna te s  new da ta  t h a t  a r e  

t o  be  added t o  co re  f o r  comparison t o  each of  t h e  e n t i t i e s  as 

they  a r e  t e s t e d .  

2 .  POLYGON, i s  a reserved  i d e n t i f i e r  des igna t ing  t h a t  t h e  subsequent 

va lues  denote  an a r r a y  o f  v e r t  i c e  p o i n t s  of  t h e  polygon r ep resen t ing  



t h e  1cngth of t h e  a r r a y .  Following i s  t h e  x-value f o r  t h e  

f irst  p o i n t ,  t h e  y-value f o r  t h e  f i r s t  p o i n t ,  t h e  x-value f o r  

t h e  second p o i n t ,  t h e  y-value f o r  t h e  second p o i n t ,  and s o  on .  

The procedure can a s s ign  t h e  xp 

c l o s e  t h e  polygon.* 

= xpl and ~ p , , ~  = ypl t o  n+ 1 

3 .  The e n t i t y  s e l e c t i o n  Statement used f o r  t h e  polygon t e s t  a l s o  

has  a spec ia l i zed  form. The f irst  two i d e n t i f i e r s  must be t h e  

* 

prope r ty  name ass igned  t o  t h e  x-coordinate  and y-coord ina te ,  

r e s p e c t i v e l y .  I N  i s  a reserved ope ra to r ,  wi th in  t h c  c n t i t y  

s e l e c t i o n  s ta tement ,  which c a l l s  t h e  polygon t e s t  procedure.  

OR ONLINE i s  an op t iona l  p o r t i o n  of t h e  t e s t ,  If OR ONLINE i s  

included i n  t h e  e n t i t y  s e l e c t i o n  s ta tement ,  and a coord ina te  

po in t  f o r  an e n t i t y  f a l l s  - 0 n . a  l i n e  segment of  t h e  polygon, t h e  

e n t i t y  i s  c a l l e d  wi th in  t h e  polygon and passes  t h e  t e s t .  If 

t h e  coord ina te  po in t  of an e n t i t y  f a l l s  on a l i n e  segment o f  t h e  

polygon and t h e  OR O N L I N E  i s  I_ not  p a r t  o f  t h e  e n t i t y  s e l e c t i o n  

s ta tement ,  t h a t  e n t i t y  f a i l s  t h e  t e s t  and i s  o u t s i d e  t h e  

polygon. Thus, t h e  use r  has  t h e  op t ion  of  inc luding  o r  excluding 

p o i n t s  f a l l i n g  on t h e  edge of query a r e a s .  

4 .  Provis ion  i s  made t o  add i d e n t i f i e r s  t o  each of  t h e  e n t i t i e s  

t h a t  f a l l  wi th in  a polygon. This  merely t a k e s  a mod i f i ca t ion  

" U t i l i z a t i o n  o f  Quest i n  an o n - l i n e  environment would be f a c i l i t a t e d  
by adding polygon d e s c r i p t i o n s  by means of a cathode r a y  t u h e l i g h t  pen 
device .  Another reserved  i d e n t i f i c r  would be necessary  t o  i n s t r u c t  t h e  
computer t o  look t o  t h e  d i s p l a y  device f o r  t h e  polygon d c s c r i p t i o n .  
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s ta tement  foiiuwijig t h e  entity seleciiei;. 

t i f i c a t i o n  number is added t o  each e n t i t y  pass ing  t h c  

.polygon tes t .  

A p e ? y g ~ n  iden-  

Often i t  is  d e s i r e d  t o  p a r t i t i o n  s p a t i a l l y  d i s t r i b u t e d  d a t a  i n t o  a 

set  of mutually exc lus ive  a r e a l  un i t s .  This  i s  accomplished by means o f :  

ADD n D  xplD YpID 'Pn# YPn); 

I F  X AND Y IN POLYGON TlIEN 

ADD (AREA = 01); ELSE 

ADD n ,  xplD yp1' * D  xpn8 ypn);  

IF X AND Y I N  POLYGON TIIEN 

ADD (AREA = 02);  ELSE 

ADD (POLYGON, ", XP1, Y P p  * ,  XP,, YP,); 

I F  X AND Y I N  POLYGON THEN 

ADD (AREA = 21);  ; 
\ 

P R I N T .  . s 
The r e c u r s i v e  c a p a b i l i t y  of t h e  I F  s ta tement  i n  Quest enab le s  an e n t i t y  t o  

be t e s t e d  f o r  i n c l u s i o n  wi th in  each polygon, u n t i l  i t  i s  found t o  be s i t u a t e d  

wi th in  one. 

t h e  program t r a n s f e r  t o  t h e  end o f  t h e  loop con ta in ing  t h e  compound I F  

s ta temcnt .  

is then e f f ec tua ted  t o  t e s t  t h e  next  e n t i t y  f o r  polygon inc lus ion .  

Then a value  is  assigned t o  t h e  query area proper ty  name and 

A t ransfer  back t o  the beginning of t he  compound IF s ta tement  



1Jhere t h e  query a reas  are not mutual ly  exc lus ive ,  groups of  t h r e e  

s t a t emen t s  t o  t e s t  f o r  a s i n g l e  polygon are repeated.  

i t s  own loop through t h e  e n t i r e  f i l e .  ' 

Modi i ica t ion  Statement ,  

p r o p e r t i e s  f o r  each of t he  e n t i t i e s .  

Each group sets  up 
. I  

This  s ta tement  enables  the' '  add i t ion  o r  d e l e t i o n  of 

These new p r o p e r t i e s  may be generated 

from any simple a r i t h m e t i c  s ta tement ,  

ment are e x i s t i n g  p r o p e r t i e s  of the e n t i t i e s ,  such t h a t  new v a r i a b l e s  f o r  

Var iab les  wi th in  an a r i t h m e t i c  s t a t e -  

each o f  t he  e n t i t i e s  a r c  c r e a t e d  from t h e  e x i s t i n g  va lues  of p r o p e r t i e s  f o r  

t h a t  e n t i t y .  To c r e a t e  a new proper ty  f o r  a l l  e n t i t i c s  of  a f i l e  by use of  

t h e  modi f ica t ion  s ta tement ,  a t ransformat ion  of  e x i s t i n g  p r o p e r t i e s  i s  

necessa ry  or  a cons tan t  i s  s e t  equal t o  t h e  new proper ty .  I f  a cons t an t  is 

se t  equal t o  t h e  new p rope r ty  it becoines the  new va lue  f o r  each e n t i t y  of  

t h e  f i l e ,  

I n  most i n s t ances  t h e  modif icat ion s ta tement  should d i r e c t l y  fo l low t h e  

e n t i t y  s e l e c t i o n  s ta tement .  This i s  because s ta tements  betwecn the  f irst  

e n t i t y  s e l e c t i o n  s ta tement  and a manipulation s ta tement  a re  placed wi th in  

a s i n g l e  loop,  Thus, t h e  e n t i t y  s e l e c t i o n ,  a modi f ica t ion  s ta tement  and 

poss ib ly  an output  i n s t r u c t i o n  a rc  wi th in  a s i n g l e  loop. 

through t h i s  loop,  

own loop t o  act  upon t h e  e n t i r e  f i l e .  

d i r e c t l y  fol lowing the  e n t i t y  s e l e c t i o n  s t a t e m n t  saves  looping through t h e  

Each e n t i t y  passes 

As will be shown, a l l  o t h e r  s ta tements  genera te  t h c i r  

Having t h e  modi f ica t ion  s ta tement  

e n t i r e  f i l e  j u s t  t o  add o r  d e l e t e  properties.* 

A l l  v a r i a b l e s  t h a t  a r e  used i n  Quest a r e  assumed t o  be of type f l o a t i n g  

p o i n t  unless dec lared  otherwise by a modi f ica t ion  s ta tement .  For exaiiiplc : 

*llowever, it may be necessary t o  c r e a t e  ncw p r o p e r t i e s  be fo re  s e l e c t i n g  
e n t i t i e s ,  o r  a f t c r  sunming t o  c r e a t e  new e n t i t i c s .  In  t h e s e  cases  it i s  
necessary t o  loop through an c n t i r c  f i l e  t o  c r e a t e  new p r o p e r t i e s .  



ADD (DECLARE <type>,  <property name>, <proper ty  name>, . . .); 

ADD (DIICLARE INTEGER, STRUCTURE .TYPE,  NCAR, NPER) ; 

Declare  i s  a reserved  i d e n t i f i e r  which performs t h e  conversion of v a r i a b l e s  

t o  t y p e  i n t e g e r  o r  Boolean. 

pos i t i oned  f i r s t  i n  a Quest program. 

Manipulation Statement .  

o f  d a t a  e n t i t i e s .  Whereas t h e  modi f ica t ion  s ta tement  i s  r e s t r i c t e d  t o  

a c t i o n  upon ind iv idua l  e n t i t i e s ,  t h e  manipulat ion s ta tement  works with r e l a -  

t i o n s h i p s  between e n t i t i e s .  

Declare modi f ica t ion  s fa tements  must  be 

This  statement enables  t h e  s o r t i n g  and summarization 

Whereas t h e  modi f ica t ions  s ta tement  performs t h e  

same ope ra t ion  on each e n t i t y ,  t he  manipulat ion s ta tement  changes t h e  e n t i t y  

i t s e l f ,  by summarization t o  a new c n t i t y  s t r u c t u r e ,  o r  by r eo rde r jng  t h e  

e n t i t i e s .  

Summarization i s  o f t e n  used i n  t h e  a n a l y s i s  of s p a t i a l l y  d i s t r i b u t e d  

d a t a .  

areal  u n i t s .  The aggregat ion reduces t h e  number of e n t i t i e s  and enables  

g e n e r a l i z a t i o n s  t o  be  d r a m  about r e l a t i v e  d i f f e r e n c e s  between a r e a s .  Sum- 

mar i za t ion  us ing  Quest r e q u i r e s  da t a  be  s o r t e d  on t h e  p rope r ty  des igna t ing  

t h e  summary u n i t .  In  t h i s  way, a summary u n i t  i s  produced each t ime t h e  key 

o r  proper ty  va lue  changes.  

va lues  a r e  produced as t h e  t o t a l  v a l u e  f o r  t h e  a r e a l  u n i t  being summarized. 

Data t h a t  a r e  d i s t r i b u t e d  over  t h e  s p a t i a l  s u r f a c e  a r e  aggregated t o  

Each t ime t h e  key changes, a l l  t h e  accumulatcd 

Suppose t h e r e  e x i s t s ,  f o r  each elementary school pup i l  i n  a l a r g e  school  

d i s t r i c t ,  a machine readable  record .  Each s tudent  i s  an e n t i t y  and t h e  

machine r eco rds  f o r  a l l  p u p i l s  c o n s t i t u t e  a f i l e .  

mated s t r e e t  address  t r a n s l a t i o n  system converted t h e  home address  of t h e  

s t u d e n t s  t o  geographic coord ina tes .  

it i s  p o s s i b l e  t o  a l l o c a t e  s tudents  t o  va r ious  conf igu ra t ions  of elementary 

Fur ther  suppose an au to -  

With t h e  ex i s t ence  of  d a t a  of t h i s  t ype  
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school  enrollment a r e a s  by using Quest .  Use of coordinated d a t a ,  and poly-  

gons r ep resen t ing  school enrollment a r e a s ,  enables  t e s t i n g  va r ious  school 

enrol lment  a r e a s  without having t o  recode o r  r e c o l l e c t  clata . 
Using Quest,  t h e  p u p i l  f i l e  i s ’ r e a d ,  t e s t e d  f o r  i nc lus ion  wi th in  t h e  

polygons r ep resen t ing  a t e s t  conf igura t ion  of school enrollment a r e a s ,  and 

t h e  appropr i a t e  school enrollment a r e a  numbers a r e  a t t ached  t o  t h e  pup i l  

e n t i t i e s .  

FOR P U P I L ,  T I M E  = 66; 

ADD (POLYGON, 6, 105, 210, 163, 210, 163, 255, 1 4 2 ,  255, 142, 230, 

105, 230); 

I F  XVALUE AND YVALUE I N  POLYGON TIIEN 

ADD (SCHOOL = L I N C O L N ) ;  ELSE 

ADD (POLYGON, n ,  xpl,  YPy XPy YP2’ * * a ,  XPn’ YP& 

I F  XVALUE AND YVALUE I N  POLYGON THEN 

ADD (SCHOOL = KENNEDY); E L S E  

. . .  

. . .  

. . .  
This  e n t i t y  s e l e c t i o n  s ta tement  i s  used t o  a s s i g n  p u p i l s  t o  appropr i a t e  

Then us ing  a manipulat ion s ta tement  t h e  pup i l  c a t e g o r i e s  f o r  summarization. 

e n t i t i e s  a r e  s o r t e d  by school enrollment a r e a  number. A l l  e n t i t i e s  with 

i d e n t i c a l  enrollment a r e a  numbers a r e  t o g e t h e r ,  meaning, a l l  t h e  p u p i l s  

ass igned  t o  a p a r t i c u l a r  school a r e  s e q u e n t i a l l y  grouped i n  t h e  r e s u l t a n t  

f i l e .  

summarized t o  school enrol lment  a r e a  e n t i t i e s .  These new e n t i t i e s  are  output  

and analyzed f o r  adequacy, I f  inadequate,  a new conf igu ra t ion  may be t e s t e d .  

By means of another  manipulation s ta tement  t h e  pup i l  e n t i t i e s  a r e  



2 1  

I 

Assuming t h e  l eve l  o r  grade  o f  t h e  s t u d e n t s  a r e  denoted by numeric 

v a l u e s  wi th jn  a s i n g l c  proper ty ,  and t h a t  a n a l y s i s  r e q u i r e s  t h e  numbcr of 

s t u d c n t s  i n  each grade,  f o r  each school enrollment a r c 3  bc known, t h e  

fol lowing e n t i t y  s e l e c t i o n  s ta tcmcnt  must precede manipula t ion .  

ADD (KG = 0, 'GRI = 0, GR2 = 0, . . ., GR6 = 0) 

I F  GRADE EQ 0 THEN ADD (KG = 1);  ELSE 

I F  GRADE EQ 1 THEN ADD (GR1 = 1); ELSE 

I F  GRADE EQ 2 THEN ADD (GR2 = 1 ) ;  ELSE 

I F  GRADE EQ 6 THEN ADD (GR6 = 1);;  

SORT ON (SCHOOL ASCENDING); 

SUM (KG, GR1, GR2, . . ., GR6) ON (SCHOOL); 
Output Statement .  This  statement ou tpu t s  t h e  answcr t o  t h e  query.  By use  

of t h e  output  s ta tement  t h e  u s e r  has  c o n t r o l  over  t h e  form of t h e  query 

response .  

There a r e  many d e s i r a b l e  f e a t u r e s  t h a t  could be b u i l t  i n t o  t h e  output  

s t a t emen t .  For example, automatic c e n t e r i n g  of  headings would be convenient ,  

as would automatic  pos i t i on ing  of t h e  p ropc r ty  names of  t h e  p r i n t  ou tput  

s ta tement  a s  columnar headings.  This  l a t t e r  could be  f a c i l i t a t e d  by modi f i -  

c a t i o n  of t h e  p rope r ty  names as fo l lows:  

ADD (KINDERGARTEN = KG, GRADE.l = GRl, . . ., GRADE.6 = GR6); 

PRINT, TITLE (. . .) , (SCHOOL, KINDERGARTEN, GRADE. 1, . . . , 
GRADE.6 (.Y(15), k(15), 7F(12)) ) ;  END 

where t h e  l i n e  of  output  following t h e  heading would be  t h e  columnar headings 

pos i t i oned  according t o  t h e  format p o r t i o n  of t h e  s t a t emen t .  
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Another output  op t ion  enables t h e  use r  t o  spcc i fy  an answer without 

concern f o r  tlic p r c s c n t a t i o n  format.  

t h e  proper ty  l i s t  i s  au tomat ica l ly  ass igned  t o  1 2  column f i e l d s .  

If a format s ta tement  i s  not provided 

F i n a l l y ,  anothcr  ou tput  op t ion  enables  t h e  use r  t o  s p e c i f y  a graphic  

d i s p l a y ,  with symbols represent ing  t h e  prescnce of s p e c i f i e d  phenomena 

pos i t i oned  i n  r e l a t i o n  t o  t h e  ac tua l  ground p o s i t i o n  of  t h e  phenomena. 

D i f f e r c n t  kinds of symbols a r e  used t o  d i f f e r e n t i a t e  va r ious  va lue  l e v e l s .  

This  op t ion  i s  a c t i v a t e d  by t h e  rcserved  i d e n t i f i e r ,  D I S P L A Y .  This  

i d e n t i f i e r  i n i t i a t e s  a p l o t  of a l l  t h e  qua l i fy ing  e n t i t i e s ,  according t o  

t h e  p o s i t i o n a l  coord ina te s .  Ncxt t h e  argumcnt a s soc ia t ed  with t h e  SCALE 

i d e n t i f i e r  g i v e s  t h e  number of  coord ina te  va lues  per  inch and t h e  coord ina te s  

f o r  t h e  o r i g i n  of t h e  ou tpu t .  Unless o therwise  s p e c i f i e d  by t h e  RANGE 

i d e n t i f i e r  t h e  va lues  being d isp layed  a r e  ass igned  t o  t h e  f i v e  equal  c l a s s e s ,  

wi th  a s tandard  symbol f o r  each c l a s s .  

An output  s ta tement  under the DISPLAY op t ion  i s  o f  t h e  type:"  

DISPLAY, T I T L E  (*IIOME LOCATION O F  FIRST" /*AND SECOND GRADE 
STUDENTS"/ /*  + = F I R S T  GRADER*/* 2 = SECOND GPADER"),  
SCALE (HOR = 10, VERT = 20) , O R I G I N  (0, 0 ) ;  

I F  G R 1  EQ 1, THEN 

P L O T  ( +, XVALUE, YVALUE) E L S E  

I F  G R 2  EQ 1 THEN 

P L O T  (2, XVALUE, YVALUE); 

where P L O T  i s  a rescrved  i d c n t i f i e r  wi th  t h e  fol lowing arguments: 

P L O T  (<symbol>, <x-coordinate  i d e n t i f i e r > ,  <y-coord ina te  
i d e n t i f i e r > ,  <proper ty  names>) ; 

<symbol> i s  t o  spec i fy  t h e  symbol. 
s tandard  symbols t o  be  used f o r  t h e  f i v e  equal' r angcs .  

EK i s  reserved  t o  s i g n i f y  

*Acting on t h e  school enrollmcnt d a t a ,  p r i o r  t o  aggrega t ion .  



The l ~ i . q e s t  r ~ : ~ o  e h c o  i n  c i .q i t ! i  t!le m i r . i m ~ ~ z  ~ . ~ ~ l u t :  nf 
t h e  d a t a  t o  bc p l o t t e d  and t h e  high range e n d s  
with t h e  maxiniuni va lue  i n  t h e  da t a  a r r a y ,  i . e . ,  
(maximum-minimum) / 5 .  

b "-b-.'- 

EN i s  reserved t o  s i g n i f y  tljat t h e r e  i s ' t o  be an 
equal number of observa t ions  i n  each of  t h e  f i v e  
ranges .  
from t h e  d a t a .  ERO and E N 0  a r e  t h e  same as ER and  
E N ,  r e s p e c t i v e l y ,  except t h e  minimum i s  zero and 
t h e  maxjmum i s  100.  

Again t h e  maximum and minimum i s  dcteriiiincd 

<x-coordinate  i d e n t i f i e r >  i s  t h e  proper ty  name of t h e  x-  
coord ina te .  

<y-coordinate  i d e n t i f i e r >  i s  t h e  proper ty  name of  t h e  y- 
coord ina te .  

<proper ty  name> is  t h e  v a r i a b l e  t o  be p l o t t e d .  

Sample PLOT s ta tements  a r e  o f  t h e  form: 

PLOT (X, XVALUE, YVALUE) 

w i l l  p l o t  an X a t  t h e  home loca t ion  of a l l  p u p i l s  remaining a f t e r  

e n t i t y  s e l e c t i o n .  

PLOT (ER, X ,  Y ,  GR1) 

w i l l  p l o t  a s tandard  symbol a t  sclrool locations t h a t  correspond 

t o  t h e  number of f i rs t  graders  i n  a t tendance .  * 

PLOT s ta tements  a r e  a s soc ia t ed  with each DISPLAY s t a t emen t .  If t h e  

PLOT s ta tement  immediately fol lows t h e  DISPLAY s ta tement ,  i t  i s  i n  t h e  same 

ope ra t ion  loop th rough . the  e n t i t i e s .  In te rvening  s ta tements ,  such a s  an I F  

s ta tement ,  imply a d d i t i o n a l  manipulation ' is r equ i r ed .  

Que s t  Logic 

The s o p h i s t i c a t e d  u s e r  d e s i r e s  t o  know how a Quest program is  t r a n s l a t e d .  

Knowing t h i s ,  t h e  u s e r  i s  a b l e  t o  w r i t e  more e f f i c i e n t  Quest programs. 

"Acting on t h e  school enrollment d a t a ,  a f t e r  aggrega t ion .  
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S i m i l a r l y ,  t rans1  a t o r  programmers nced t o  know t h c  i n t e n t  of t h e  language 

des  i g  n c 

As 

d e v i s e  

Rather ,  

i n  o rde r  t o  implement the  language. 

has  been sho\\’n, it i s  not nccessary  f o r  t h e  Quest programmer t o  

oops f o r  t h e  programs t o  i t c r a t e  through t h e  e n t i r e  d a t a  f i l e s .  

loops arb aut ,omatical ly  gencratcd by Qucst . El imina t ion  of looping,  

as f a r  as t h e  programmer is concerned, i s  t h e  g r e a t e s t  s i m p l i f i c a t i o n  pro-  

vided by Quest. Yet,  Quest programmers should be aware of  how loops a r e  

generated i n  t h e  Quest program. Th i s  s c c t i o n  i s  concerned with t h e  l o g i c  

of programs generated by Quest programs. 

E s s e n t i a l l y ,  each Quest s ta tement  gene ra t e s  a do loop t o  i t e r a t e  through 

t h e  e n t i r e  d a t a  f i l e ,  performing j u s t  t h e  a c t i o n  s p e c i f i e d  by t h a t  s ta tement .  

Exceptions t o  t h i s  are DECLARE and POLYGON modi f ica t ion  s ta tements ,  and 

s t a t emen t s  t h a t  a r e  between t h e  f i r s t  e n t i t y  s e l e c t i o n  s ta tement  and t h e  end 

of  t h e  program o r  a manipulat ion s ta tement ,  i f  one e x i s t s .  

f a l l i n g  i n  t h i s  l a t t e r  ca tegory  l i e  w i th in  t h e  do loop e s t a b l i s h e d  by t h e  

Statements  

e n t i t y  s e l e c t i o n  s ta tement .  Figure 5-2  is a block diagram rep resen t ing  t h e  

l o g i c  of scanning s ta tements  i n  a Quest program by t h e  t r a n s l a t o r .  

5-2 i s  gene ra l i zed  t o  i l l u s t r a t e  t h e  a c t i o n s  upon d a t a ,  i . e . ,  whether a 

F igure  

s ta tement  e s t a b l i s h e s  a loop o r  no t .  

Backus Notat ion f o r  Ques t  

Statement Level 

<query> ::= <program> 

<program> : := < d e c l a r e  modi f ica t jon  s ta tement><input  statement><compound 

s ta tement  > <out  put  st a t  emcnt >END I <input  s t a t  ement > <compound s ta t  emcnt > 

<out  put  s ta t  em en t >END 

< d e c l a r e  modi f ica t ion  s tn temcnt>  : :=  ADD (DECLARE INTEGERqn-operty name l i s t s ) ;  
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- YES 
* *  

IDENTTFTCATION 01: I.OOP NON-I OOP 
A C T I O N  RETURN TI IROUGI I I: I1,E 

_I 

STATEMENT T Y P E  -. 

I 

CALL 
DECLARE 
< T Y P E >  

CALL 

YES 
___p 

NAME > 

CALI, 
S E L E C T .  
DATA 

NO 

CALL 
MODIFY 

c c ) y E S  *v, MAN1 PULATE 

SORT 

1 

YES CALL ADD (POLYGON. . -> - READ. POL 

YES CALL 
h S I b l P L E .  . 

POL. T E S T  
* 

CALL 
1 - COMPLEX. 

POL. T E S T  THEN.  . . 
A 

Figure 5-2. Quest T r a n s l a t o r  L o g i c  (page 1 of  3 ) .  
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I 

Figure 5-2. Quest Translator Logic (page 2 of 3). 
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* 

Y E S  *@ 
NO 

ERROR 
MESSAGE.  

NO 

CALL ERROR 
MESSAGE.  1 RECOVERY 

I 

RECOVERY 

F igure  5-2.  Quest Translator L o g i c  (page 3 of 3 ) .  
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I ADD (DECLARE LOGICAL<property name l i s t> )  ; 

<inpu t  s ta tement>  : :=  <da ta  set  s e l e c t i o n  statement> I FOR DATA= < f i l e  name>, 

<f  il c ‘dimensions> (<proper ty  name 1 ist  > (<forinat s ta tement>)  ; 

<sta tement>  : := <compound uncondi t j  onal  s ta tement>  -1 < e n t i t y  s e l e c t i o n  s t a t e -  

ment > 

<compound unconditi.ona1 s ta tement> : := <uncondi t ional  s ta tement>  I <uncondi- 

t i o n a l  statement><compound uncondi t iona l  s ta tement>  

<uncondi t iona l  s ta tement>  : := <input  s ta tement>  I <modif icat ion s ta tement> 

I <manipulation s ta tement>  I <output  s ta tement>  

< d a t a  s e t  s e l e c t i o n  s ta tement>  : := < s e l e c t i o n  c l ause> ;  I < s e l e c t i o n  c l ause>  

AND<selection c l ause> ;  

< s e l e c t i o n  c l ause>  : := F O R < f i l e  name> I FORcfile name> ,<f i l e  dimensions> 

< e n t i t y  s e l e c t i o n  s ta tement>  ::= < i f  s ta tement>  I <if i n  polygon s ta tement>  

<modif ica t ion  s ta tement>  ::= ADD(<assignmcnt l i s t > ) ;  DELETE(<property 

name l is t>) ;  I <dec la re  modi f ica t ion  s ta tement>  I ADD(POLYGON, 

<polygon d e s c r i p t i o n > )  ; 

<manipulat ion s ta tement>  : := SORT ON(<property-direct ion l i s t>)  ; I SUM 

(<proper ty  name l i s t>)ON(<proper ty  name l is t>)  ; I SUM(<property name 

l i s t>)ON(<proper ty  name l i s t > ) A N D  COUNT; 

<output  s ta tement>  : := PRINT,  T ITLE(< t i t l e  format>) ,  (<proper ty  name l i s t>  

( d o r m a t  s t a t emen t>) ) ;  I SAVE, NAhlE(<file name>), (<proper ty  name l i s t >  

(<format statement,)) ; I DISPLAY, T ITLE(< t i t l e  format>) ,  SCALE(<abscissa 

s c a l e > , < o r d i n a t e  s c a l e > ) ,  ORIGIN(<abscissa o r i g i n > , < o r d i n a t e  o r i g i n > ) ,  

< p l o t  op t ions> ;  

< p l o t  op t ions> ::= PLOT(<plot symbols>,<x-coordinate i d e n t i f i e r s > , < y -  

coord ina te  i d c n t i f i e r s > , < p l o t  v a r i a b l e > )  1 <i f  s ta tement>  PLOT(<plot 

symbols>,<x-coordinate  identifiers>,<y-coordinate i d e n t i f i t r > , < p l o t  

variable’) 
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<if sta tcmcnt>  : : = < i f  c l ause> ;  I < i f  clausc>T~II:N<compound uncondi t iona l  

s t a t  ement >ELSE < s t a t  cment > ; 

< i f  c l a u s e >  : : = IF<boolean expression> 

< i f  i n  polygon s ta tement>  : := < i f  i n  polygon clause>; I < i f  i n  polygon 

clause>TMEN<compound uncondi t ional  s ta tcment>ELSE<statcment>;  

< i f  i n  polygon c l ause>  : := IF<x-coordinate  identifier>AND<y-coordinate 

i d c n t i f i e r > I N  POLYGON OR ON L I N E  I IF<x-coordinatc  identifier>AND 

<y-coordinate  i d e n t i f i e r > I N  POLYGON 

<format s ta tement>  i s  not  spec i f i ed  a t  t h i s  t ime 

L i s t  and Name Level 

<proper ty  name l i s t>  : : = <property name> I <proper ty  name>, <proper ty  name 

l ist> 

<proper ty  name> ::= < i d e n t i f i e r >  

<prope r ty -d i r ec t ion  l i s t> : := <proper ty  name><direct ion> I <prope r ty  name> 

< d i r ec t i on > ., < prop e r  t y - d i r e c t i on 1 i s t > 

< d i r e c t i o n >  : : = ASCENDING I DESCENDING 

< i d e n t i , f i e r > *  : := ? l e t t e r >  I < i d e n t i f i e r > < l e t t e r >  I < i d e n t i f i e r > < d i g i t > * *  I 
<identifier>*<identifier> 

< f i l e  name> ::= < i d e n t i f i e r >  

< f i l e  dimensions> : := LOCATION=<location dimension>, TIME = <time dimension> 

l iOCATION = < l o c a t i o n  dimension> I TIME = < t i m e  dimension> I <empty> 

< l o c a t i o n  dimension> : := < i d e n t i f i e r >  1 <value>,  <value> I <value> 

<t ime dimension> : :=<value  s t r i n g >  I C < i d e n t i f i e r >  

*An i d e n t i f i e r  i n  Quest d i f f e r s  from Algol i n  t h a t  an  open s t r i n g  i s  not  

""Defined i n  t h e  Reviscd Report on t h e  Algorithmic Language Algol 60 [ Z ] .  
permi t t ed .  In s t cad  a per iod (.) i s  used.  
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<va lue  s t r i n g >  : := <value> I <value s t r i n g , v a l u e >  

<assignirient l i s t> '  : := <assignment s ta tement>  I <assignment s ta tement> ,  

<assignment l i s t >  . I  

I 

<assignment s ta tement>  : := < i d e n t i f i e r >  = <simple aTitl imetic expression>* 

<polygon d e s c r i p t i o n >  : : =  <number o f  po in t s> ,<x-coord ina te  of po in t  1>, 
1 

<y-coord ina te  of po in t  l> ,<x-coord ina te  o f  po in t  2 ,  y -coord ina te  of 

p o i n t  2 ,  ..., x-coord ina te  of p o i n t  n y-coord ina te  of po in t  n> 

< p l o t  v a r i a b l e >  ::= <proper ty  name> [ <empty> 

<mul t ip ly ing  ope ra to r> .  : := x 1 / I 
< r e l a t i o n a l  ope ra to r>  ::= LT [ LE I EQ I GE I GT I NE I 
< l o g i c a l  ope ra to r>  : := NOT I AND I OR [ 

<end o f  s ta tement>  ::= ; 

< p l o t  symbols> ::= < l e t t e r >  I <number> 1 < s p e c i a l  c h a r a c t e r s >  ] E N  1 ER I 
E N 0  I ENR I 

*Defined i n  t h e  Revised Report on t h e  Algori thmic Language Algol 60 [ 2 ] .  
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CHAPTER 6 .  DIRECTORY OF SPATIAL-TEbIPORAL DATA 

In t roduc t ion  

In  t h e  query and r e t r i e v a l  of s p a t i a l l y  d i s t r i b u t e d  d a t a ,  t h e r e  must 

e x i s t  an e f f i c i e n t  means of s e l e c t i n g  t h e  a p p r o p r i a t e  d a t a  s e t s  f o r  search .  

Th i s  chap te r  i s  concerned t o  t h e  development o f  t h e  concepts  f o r  an automated 

index o r  d i r e c t o r y  t h a t  enables  t h i s  s e l e c t i o n  of  d a t a  sets.  

ment of a d a t a  d i r e c t o r y  draws upon t h e  t o p i c s  of t h e  prev ious  t h r e e  c h a p t e r s .  

The no t ion  of l o c a t i o n  and time dimensions of  d a t a ,  as developed i n  Par t  11, 

Chapter  3,  i s  used t o  p a r t i t i o n  da ta  sets i n t o  spa t i a l - t empora l  compartments. 

Th i s  develop-  

Each type  of  s p a t i a l l y  d i s t r i b u t e d  d a t a  i s  organized i n t o  subse t s ;  one 

s u b s e t  f o r  each spa t ia l - tempora l  compartment. 

are  der ived  from p a r t i t i o n i n g  t h e  s p a t i a l  s u r f a c e  and t ime i n t o  t h r e e -  

dimensional a r e a s .  

whether l o c a t i o n  and t ime measures are  uniform o r  non-uniform. 

of compartments are  c a l l e d  quadrants .  

s imilar  spa t i a l - t empora l  c h a r a c t e r i s t i c s .  

i s  i n t e r p r e t e d  t o  determine from which quadrant  t o  s e l e c t  t h e  named s e t .  

The quadrant  p l ays  an important  r o l e  because t h e  same d a t a  may e x i s t  i n  more 

than  one quadrant .  

mun ic ipa l i t y  o r  may be f i l e d  by uniform s p a t i a l  r eg ions .  

t h e s e  d u p l i c a t e  d a t a  would be f i l e d  s e p a r a t e l y ,  each r e l a t c d  t o  a d i f f e r e n t  

quadrant  of  t h e  d i r e c t o r y .  

Spa t ia l - tempora l  compartments 

There a r e  four  types  of compartments, depending upon 

These types  

These quadrants  con ta in  d a t a  having 

The d a t a  set  s ta tement  o f  Quest 

For example, bu i ld ing  permit  d a t a  may be f i l e d  by 

As descr ibed  below, 



Thc d i r e c t o r y  i t s e l f  i s  a combination l i s t  s t r u c t u r e ,  and addres sab le  

s t o r a g e  t h a t  i s  addressable  by mapping func t ion  of l o c a t i o n  and t ime 

( f ( x ,  y ,  t ) ) .  The d i r e c t o r y  loca t ions  po in t  t o  t h e  a c t u a l  l o c a t i o n ,  r e e l  

numbers, f i l e  numbers, e t c .  o f  data s e t s .  The conccpt involved i s  t h a t  a 

query s p e c i f i e s  t h e  kind o f  da t a ,  t h c  l o c a t i o n  and t h e  t ime.  By mcnns of 

t h e  d i r e c t o r y  system t h e  appropr i a t e  set  i s  s e l e c t e d .  

F i r s t ,  t h e  p a r t i t i o n i n g  of  d a t a  observa t ions  i n t o  spa t ia l - tempora l  

compartments i s  d iscussed .  Then t h e s e  compartments a r e  c l a s s i f i e d  i n t o  

spa t i a l - t empora l  quadrants .  F ina l ly ,  problems of acccss ing  t h e s e  quadrants  

a r e  d i scussed .  

Part of t h e  purpose of  t h i s  chap tc r  i s  t o  in t roduce  u r b a n i s t s  t o  t h e  

t e c h n i c a l  problems of access ing  d i v e r s e  types  of  spa t i a l - t empora l  d a t a .  

The d i r e c t o r y  system in t roduced  he re  demonstrates  t h e  conipl e x i t i e s  and 

immensity of a system f o r  t h e  automatic access ing  of  d a t a  s e t s .  Obviously, 

t h e  automated p rocess  descr ibed  below could be s i m p l i f i e d  as a non-automated 

d i r e c t o r y  f o r  t h e  s e l e c t i o n  o f  data se t s .  However, t h e  d i s c i p l i n e  of  

spec i fy ing  an access ing  process  f o r  t h e  computer r e s u l t s  i n  a thorough 

a n a l y s i s  of t h e  s t e p s  involved.  

Spatial-Temporal Compartments 

Assuming v a r i o u s  k inds  of da t a  a r e  c o l l e c t e d  for a l a r g e  urban area, 

how should t h e s e  d a t a  be organized? Presumably, each type  of da t a  could 

be  organized i n t o  area-wide f i l e s . *  This  would r e s u l t  i n  l a r g e  f i l e s ,  

*The terms d a t a  f i l e  and da ta  s e t  a r e  used synonymously i n  t h i s  chap te r .  
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s e v e r a i  hundred ~i!ousand e i i i i i i cs  f o I  i tsses~ur ? s  c i i t t d  oil lard uwller silips, * 

\\'hat about d a t a  of  t h e  sanie type,  bu t  observcd a t  d i f f e r e n t  t imes? Should 

thcy  be i n  t h e  sanie f i l c ?  Also, da ta"such  as bu i ld ink  permi ts  a r e  c o l l e c t e d  

by each ind iv idua l  munic ipa l i ty .  Should they  bc 'cohbined i n  a s i n g l e  f i l c ?  

For a general-purpose query c a p a b i l i t y ,  d a t a  w i t h  spa t ia l - tempora l  

c h a i ~ i c t e r i s t i c s  should be organized by us ing  t h c  p r i n c i p a l  dimcnsions i n t r o -  

duced i n  P a r t  11, Chaptcr 3 ,  The phenomena dinicnsion, o r  i n  essence t h e  

kind of da t a ,  i s  a l ready  used t o  sepa ra t e  and organize  daba i n t o  f i l c s .  

a d d i t i o n ,  f o r  access ing  d a t a  by loca t ion  and/or time it i s  proposed t h a t  

d a t a  bc organized i n t o  f i l e s  according t o  spa t i a l - t empora l  compartmcnts. 

Figure 6-1 i l l u s t r a t e s  t h e  conipartnientalization of t h e  loca t ion  and time 

In 

d inens ions  on uniform s c a l e s ,  I n  Figure 6-1 the  compartment having an x- 

valuc  of 2 ,  a y-value o f  1 and a t ine of 3 i s  shown. 

uniform compartmcnts, i .e.,  t h e  a rea  i s  p a r t i t i o n e d  i n t o  a r e g u l a r  g r i d  and 

Figure 6-1 i l l u s t r a t e s  

t h e  t i n e  scale c o n s i s t s  of r egu la r  i n t e rva l s .**  

The s ize  of the  r e g u l a r  g r ids  i s  n o t  s p e c i f i e d .  They may bc based on 

100 of 1000 f o o t  g r i d s ,  quar te r -square  mile, a square  mile, e t c .  The 

choice  i s  l e f t  f o r  l a t c r  ana lys i s .  The time i n t e r v a l  f o r  t h e  uniform 

spa t i a l - t empora l  compartments i s  dcf incd  as a yea r ,  Annual t ime pc r iods  

cover  many urban d a t a  such as l i c e n s e s  and permits.*** 

*If t h e  urban a r e a  c o n s i s t s  o f  more than  a s i n g l e  county the  d a t a  
may no t  be compatible.  

* * I r r e g u l a r  s i z e  compartments a r e  d iscussed  i n  t h e  next  s e c t i o n ,  

***Obviously, o t h e r  time i n t e r v a l s  can be used f o r  d a t a  t h a t  do no t  
conform t o  annual time i n t e r v a l s .  These s i t u a t i o n s  merely do not f i t  
w i th in  t h e  uniform s p a t i a l -  temporal compartment de f i n i t  ion.  



3 5  

-_ 

T 
-- 

-- 

:: gL2, I 1, 3) 

I 
I 
I 

I 1  1 I I 

Y 

Figure  6-1 A Uniform Spatial-Temporal Compartment 
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En-1 .  1,,',,1 ,F A ? + - ?  n r  c l < . - + ; . . , T , . - P l - - A  l... 4.L- -".,.e 2:------- 
L U L 1 1  I \ L I I C ,  "I U U L ' l ,  L I J  u L . 3 L L l l & u :  J 1 I c . U  u y  L I I C :  l l u l l l ~  L I I I I L c . I 1 3 ; " I I ,  i s  a l l o c a t e d  

t o  s e v e r a l  s e t s .  The a l l o c a t i o n  of e n t i t i e s  o f  t h e  same kind i s  based 

upon t h e  l o c a t i o n  and t ime dimensions. 

temporal compartment t h a t  corresponds t o  i t s  l o c a t i o n  and time dimensions.  

Thus, an e n t i t y  t h a t  has  loca t iona l  coord ina tes  t h a t  convert  t o  s p a t i a l  com- 

partment ( 2 , l )  and a t ime of 3 years  from t h e  i n i t i a l  year  i s  loca ted  i n  

t h e  spa t i a l - t empora l  compartment (2 ,  1, 3) as shown i n  F igure  6-1.  I n  o t h e r  

words, each type  of d a t a  may c o n s i s t  of N f i l e s ,  where: 

An e n t i t y  j s  assigned t o  t h e  s p a t i a l -  

f 

= maximum x-value of  t h e  g r i d  i n t e r v a l  used 'max 

t o  de f ine  s p a t i a l  compartments 

= maximum y-value o f  t h e  g r i d  i n t e r v a l  used 'max 

t o  de f ine  s p a t i a l  compartments. 

= presen t  va lue  on t ime scale measured i n  tp re s  en t  

years from an o r i g i n ,  to = 0 .  

Data organized by spa t i a l - t empora l  compartments o f f e r  g r e a t  u t i l i t y .  

A f i l e  f o r  each spa t i a l - t empora l  compartment enables  one t o  spec i fy  l o c a t i o n  

and time and then  access  j u s t  those d a t a  e n t i t i e s  t h a t  are  p e r t i n e n t .  

t h e  r e t r i e v a l  of  urban d a t a ,  l o c a t i o n  and t ime a r e  o f t e n  elements of t h e  

s e l e c t i o n  c r i t e r i a .  

responding t o  spa t i a l - t empora l  compartments enables  t h e  s e l e c t i o n  from 

t h o s e  f i l e s  t h a t  s a t i s f y  t h e  s p e c i f i c a t i o n  of l o c a t i o n  and t i m e .  

spec i fy ing  t h e  spa t i a l - t empora l  compartments a r e  d i scussed  i n  t h e  fol lowing 

s e c t i o n .  

In  

I n  t h e s e  cases ,  t h e  d i s t r i b u t i o n  of d a t a  t o  f i l e s  cor -  

Means of  

Quadrants 

Above, a uniform spa t ia l - tempora l  compartment i s  de f ined .  The a d j e c t i v e  

"uniform" r e s t r i c t s  t h e  l o c a t i o n  and t ime s c a l e s  t o  b e  r e g u l a r .  For many 
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d a t a ,  uniform spa t ia l - tempora l  conipartnients a r e  inadequate .  The d a t a  may 

be c o l l e c t e d  and u t i l i z e d '  on t h e  b a s i s  of  arbitrary arcal  u n i t s  r a t h e r  than 
. .  

a g r i d  system. 

i n t c r v a l s .  

Also, many d a t a  do not  f i t  i n  the schkme of annual time 

Even d a t a  t h a t  are s to red  i n  f i l e s  corresponding t o  m i f o r m  
b .I 

spa t i a l - t empora l  compartments may a l s o  be s t o r e d  i n  f i l e s  corresponding 

t o  a r b i t r a r y  arcal  u n i t s . *  

Four kinds of spa t ia l - tempora l  compartments a r e  descr ibed  here .  First 

i s  t h c  uniform spa t ia l - tempora l  compartnicnt, 

compartments, uniform t ime-area l  u n i t s  and t ime-varying a r c a l  ur i i ts .  

are c a l l e d  type  I ,  1 1 ,  111, and IV quadrants ,  r e s p e c t i v e l y .  These f o u r  

quadrants  are def ined  by whether t h e  s p a t i a l  a r e a s  are  r e g u l a r  o r  i r r e g u l a r  

and whether t h e  time scale i s  annual o r  some o t h e r  sca le .**  Table 6-1 

The o t h e r s  a r e  t ime-varying 

These 

,summarizes t h e  spa t ia l - tempora l  v a r i a t i o n  f o r  each quadrant .  

Quadrant I 

Figure 6-2  i l l u s t r a t e s  t he  organiza t ion  of quadrant  I d a t a  d i r e c t o r y .  

The first quadrant  i s  organized t o  be accessed by spec i fy ing  t h e  uniform 

measures of  l o c a t i o n  and time. 

address  of  a record  conta in ing  the names o f  d a t a  types.  

t h e s e  names are p o i n t e r s  t o  t h e  beginning l o c a t i o n s  of the  d a t a  f i l e s  f o r  

compartment x ,  y, t .  

A func t ion  o f  l o c a t i o n  and time produces an 

Associated with 

To access  t h e  d a t a  designated by < f i l e  name?, i n  uniform s p a t i a l -  

temporal compartment x, y, t an address  AI with in  quadrant  I is c a l c u l a t e d ,  

*This d u p l i c a t i o n  of d a t a  within a system may be warranted i f  t h e  
p a r t i c u l a r  kind of d a t a  i s  o f t e n  accessed both by geographic coord ina te s  
and by a r e a l  u n i t s ,  

"segments" as used i n  s t o r a g e  a l l o c a t i o n  f o r  programs and d a t a  i n  coirtputers 
f o r  t ime sha r ing  npp l i ca t ions  [ l] ,  
be accessed by c a l l i n g  seginent d e s c r i p t o r s ,  

**The quadran t - spa t i a l  compartnient terniinology i s  analagous t o  t h e  term 

Segments a r e  e s s e n t i a l l y  f i l e s  t h a t  can 



TABLE 6-1 

SPATIAL-TEMPORAL COI\IPAR?'ElENTS 

Dimensions 

Quadran t I 

Quadrant I1 

Quadrant I11 

Quadrant IV 

S p a t i a l  Temporal 

Uniform Uniform 

Uniform Vari ab l e  

Vari ab 1 e Un i form 

Variable  Vari ab 1 e 



3 9  

. 

f ( X Y t )  
1 I n 2  - 

f 1  ADDRESS = 

<FILE NAblE 1> 

<FILE NAPE 2> 

. 
<I:I LE NAME nf  > 

:x, Y, t) 

POINTER 

POINTER 

POINTER 

Figure  6-2 
Uni f orni S p a t i a  1 -Tempera 1 Compartments 

Quadrant I Data Directory: 



40 

The address  i s  c a l c u l a t e d  f r d m  a mapping func t ion  of  t h e  loca t ion  and time 

dinicnsions. Upon t r a n s f e r  t o  address A1 t he  s c q u e n t i a l  record f o r  x, y,  t 

i s  scanned f o r  t h e  < f i l e  name i>. Associated with < f i l e  name i>', wi th in  t h e  

. I  

I 

' ' I  

x, y ,  t e n t i t y ,  i s  a p o i n t e r  t o  the  beginning of t h e  a c t u a l  data of type  i 

t h a t  a r e  wi th in  spa t i a l - t empora l  compartment x,  y, t 

Quadrant I I 

Figure 6 - 3  i l l u s t r a t e s  t h e  s t r u c t u r e  of  quadrant  I1 d a t a  d i r e c t o r y ,  

Quadrant I 1  i s  a d i r e c t o r y  t o  da t a  f i l e s  having uniform s p a t i a l  dimensions 

b u t  t ime-varying t ime dimensions, 

quadrant  11 d i r e c t o r y  i s  organized d i f f e r e n t l y  than  t h e  d i r e c t o r y  of  quad- 

r a n t  I .  In  quadrant  11, t h e  d i r e c t o r y  i s  segmented by tlie type  of d a t a  or  

t h e  phenomena dimension. IVithin each segment a v a r i a b l e  number of  r eco rds  

may e x i s t ,  one f o r  each time per iod.  h ' i thin each record ,  a mapping func t ion  

Because t h e  t ime dimension v a r i e s ,  t h e  

o f  t h e  l o c a t i o n  dimension enables  t h e  s e l e c t i o n  of  t he  s p a t i a l  compartment 

f o r  t h a t  time pe r iod  arid d a t a  type. 

To access  d a t a  from quadrant I1 f o r  < f i l e  name i>, s p a t i a l  compartment 

x, y and time t ,  a f i l e  name l i s t  i s  searched f o r  < f i l e  name i>. Associated 

wi th  < f i l e  name i> on t h e  l i s t  is  t h e  address  K 2 i .  The address  KZi i s  an 

a r b i t r a r y  po in t  i n  quadrant  I1 s to rage  where t h e  d i r e c t o r y  t o  s p a t i a l -  

temporal compartments of d a t a  type i begins ,  

o f  t i s  added t o  address  KZi t o  determine t h e  l o c a t i o n  of  t h e  record f o r  

< f i l e  name i>, time t ,  Within this r eco rd ,  another  mapping func t ion  i s  used 

To s e l e c t  t ime t ,  a func t ion  

t o  f i n d  t h e  p o i n t c r  t o  t h e  data of  s p a t i a l  compartment x, y .  

Assuming t h e  p o i n t e r  t o  data  f i l e  l o c a t i o n  t a k e s  a word of core  memory 

t h e  t ransformat ion  from two-dimensions t o  one wi th in  a record i s  : 

(3 )  



4 1  

- 
'<POINTER TO DATA F I L E  XlY1> 

c I1 I 1  
X1Y2> 

< I' I1 11 
X1Yn> 

c *I I 1  I1 
X*Y 

c 11 11 
X,Yn' 

Figure 6 - 3  Quadrant I1 Data Direc tory :  
Time-varying Spatial-Temporal C o q  1 mrtments  
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Y = maximum y-va lue . fo r  t h e  s p a t i a l  max 

compartments. 

S i m i l a r l y ,  t h e  mapping func t ion  fo r .  t h c  address  of t h e  record  i t s e l f  i s  

determined from t h e  mapping func t ion:  

2 i  + (nti - 'maxYmax (4 1 K2i + f 2  (nti) = K 

Where : 

= maximum x-value f o r  t h e  s p a t i a l  'max 

c om p a r  t m en t s 

n = number of  d a t a  s e t s  of  t y p e  i i n  quadrant ti 
I1 wi th in  t h e  t ime i n t e r v a l  [t t] .* 

0' 

Within t h e  < f i l e  name i>, time t reco rd , the  mapping func t ion ,  f ( x ,  y) as 

de f ined  i n  equat ion (3) i s  used t o  l o c a t e  s p a t i a l  compartment x, y .  The 

d e s i r e d  address  of t h e  p o i n t e r  t o  < f i l e  name i>, spa t i a l - t empora l  compart- 

ment x ,  y,  t i n  quadrant  I1 i s :  

Quadrant I11 

Figure  6-4 i l l u s t r a t e s  quadrant I11 of t h e  d a t a  d i r e c t o r y .  Quadrant 

I11 i s  designed t o  index d a t a  organized i n t o  f i l e s  by non-uniform s p a t i a l  

areas and f o r  annual t ime i n t e r v a l s .  

quadrant  I11 i s  segmented by t h e  a r b i t r a r y  a r e a l  u n i t s .  

access t h e  beginning po in t  of each areal u n i t  index.  

To handle  t h e  non-uniform a r e a s ,  

A l i s t  i s  used t o  

The address  f o r  t h e  

*Both t and t a re  included i n  t h e  i n t e r v a l .  
0 
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ADDRESS 

r 

K t  - 31, 

+ f,lt,> 
I \  

K3L 
, 

/ f3( t s )  
I 

2; + f ( t )  
32 3 p 

I . 
K 32 + f3 ( t3 )  

AREAL 

ADDRESS = K 

<FILE "43 

<FILII NAME> 

<E: I LE NAWE > 
, 

+ f 3 W  

P0IN'l.E K 

POINTER 

PO INTER 
* 

POINTE 1: 

LJN I rr L 

Figure 6-4 Quadrant I11 Data Directory:  
Uniform Time-Areal Un i t  Compartments 
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I 

. beginning of areal u n i t  R index is  represented as K 3R. !?rithln t h e  i??CI,PX 

,. f o r  an a r e a l  u n i t  a mapping fync t ion  of time i s  used t o  s e l e c t  t h e  appro- 

p r i a t e  record  t h a t  corresponds t o  t h e  , s p e c i f i e d  t i m e . '  Within t h e  t i m e  
. ,  

r eco rd  a l is t  of  f i l e  names a re  scanned t o  f i n d  a mdtch f o r  t h e  f i l e  name 

s p e c i f i e d .  

l o c a t i o n  of  t h e  a c t u a l  d a t a .  

Upon f i n d i n g  a match t h e  a s s o c i a t e d  p o i n t e r  d i r e c t s  one t o  t h e  

The access  < f i l e  name i>, a r e a l  u n i t  R and time t t h e  f irst  s t e p  i s  t o  

proceed through t h e  areal u n i t  l i s t .  Upon f i n d i n g  areal u n i t  R t h e  

a s s o c i a t e d  address ,  i s  accessed.  Address K i s  t h e  beginning of t h e  

index f o r  t h e  d a t a  of a r e a l  u n i t  R. To t h e  addres s  K a f u n c t i o n  of time 

t i s  added: 

32 

3 R  

f3(t) = ( t ' -  

Where : 

t - to = number of y e a r s  o r  time i n t e r v a l s  from t h e  i n i t i a l  

observa t ion  t o  t h e  s p e c i f i e d  time. 

R3 = a cons tan t  developed from t h e  maximum number of  

d a t a  types i n  quadrant  111 t imes  t h e  number of 

words needed f o r  f i l e  name and p o i n t e r .  

Record K39, + f (t) i s  scanned f o r  < f i l e  name i>. Upon f i n d i n g  < f i l e  3 

name i> t h e  a s soc ia t ed  p o i n t e r  provides  t h e  l o c a t i o n  of t h e  a c t u a l  d a t a  f o r  

< f i l e  name i>, areal u n i t  R, and time t .  

Quadrant I V  

F igure  6-5 i l l u s t r a t e s  quadrant I V  d a t a  d i r e c t o r y .  Quadrant I V  is 

designed t o  index d a t a  organized i n t o  f i l e s  by non-uniform s p a t i a l  areas 

and f o r  non-annual time i n t e r v a l s .  Quadrant I V  is organized similar t o  
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AREAJ, UXIT 2 

- 

ADDRESS = 

<FILE NAblE> 
e 

e 

<FILE NME> 

0 

<FILE NAME> 

: . + f ( t )  

PO INTER 

POI N ' E R  
e 

POINTER 
e 

0 

PO INTER 

Figure 6-5 Quadrant I V  Data Direc tory :  
Time-varying Areal Un i t  Compartments 
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f o r  t ime i s :  

(7) 

Where : 
I 

n = number of  d a t a  s e t s  f o r  a r e a l  u n i t  t R  

R wi th in  quadrant  I V  wi th in  t h e  

time i n t e r v a l  [to t ] .  

R = a cons t an t  developed from t h e  max- 4 

i m u m  number of  d a t a  types  i n  quadrant  

I V  t imes  t h e  number of  words needed 

f o r  t h e  f i l e  name and p o i n t e r .  

To access  < f i l e  name i>, a r e a l  u n i t  R ,  and t ime t t h e  f irst  s t e p  i s  t o  

proceed through t h e  a r e a l  u n i t  l i s t .  Upon f i n d i n g  a r e a l  u n i t  R t h e  a s s o c i a t e d  

addres s ,  K 4 R ,  i s  accessed.  

index,  f o r  areal u n i t  R .  

s p e c i f i e d  time t h e  func t ion  o f  time, f ( t )  i n  equat ion  (7)  i s  added t o  K 4 R .  4 
Record K + f ( t )  i s  scanned f o r  < f i l e  name i>. Finding < f i l e  name i> t h e  

a s s o c i a t e d  p o i n t e r  provides  t h e  l o c a t i o n  of t h e  a c t u a l  d a t a  f o r  < f i l e  name i>, 

Address K i s  t h e  beginning of  t h e  quadrant  I V  4R 
To address  t h e  d a t a  f i l e  corresponding t o  t h e  

411 4 

areal  u n i t  R ,  and time t .  

Segment S e l e c t i o n  

The s e l e c t i o n  of a f i l e  name segment i n  quadrant  I1 and t h e  s e l e c t i o n  

of  an a r e a l  u n i t  segment i n  quadrant 111 or I V  i s  accomplished us ing  a chained 

l i s t .  F igure  6-6 r e p r e s e n t s  t h e  l ist  f o r  quadrant  111. 
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Quadrant I I I 
Master 

J 
To Quadrant I V  

Areal 
Unit 
Code 2> 

Areal 
Unit 
Code R >  

To Master Record 

F igure  6-6. Segment Access List 

Quadrant Se lec t ion  

The next  problem i s  t o  formulate  an access  t o  t h e  d i r e c t o r y  o r  the s e l e c -  

t i o n  of t h e  appropr i a t e  quadrant .  To d e s c r i b e  access ing  t h e  d i r e c t o r y ,  t h e  , 

. process  of s e l e c t i o n  from quadrants  i s  p resen ted .  A n a r r a t i v e  d e s c r i p t i o n  of  
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a c t i o n s  takcn i n  i n t e r p r e t i n g  the  f i l c  s e l e c t i o n  s ta tcment  f a c i l i t a t e s  

explanation of t h c  usc of  thc’ da ta  d i r e c t o r y .  
I 

Data arc organized i n  f i l e s  according t o  t h c i r  spa t ia l - tcmpora l  com- 
I . I  

partments .  

r a n t s ,  

t h e  s e l e c t i o n  of  t h e  r cqu i r ed  da ta  f i l e ( s ) .  From t h e  s p e c i f i c a t i o n  of t h e  

l o c a t i o n  and time dimensions, a dec is ion  i s  made a s  t o  which quadrant  con- 

t a i n s  a p o i n t e r  t o  the  appropr i a t e  f i l e .  

Like compartments a r e  grouped i n t o  the  above descr ibkd quad- 

In  a query,  l o c a t i o n  and time diriicnsions are s p e c i f i e d  t o  enable  

The d a t a  set  s e l e c t i o n  s ta tement  of  Quest,  as descr ibed  i n  Chapter 5, 

enab le s  t h e  s p e c i f i c a t i o n  of loca t ion  and time dimensions. 

FOR <file name i>, LOCATION = SKOKIE, 1 I b l E  = 66,4 

FOR < f i l e  name i>, LOCATION = 14,8, TIME = C,S 

These two d a t a  s e t  s c l e c t i o n  s ta tements  i l l u s t r a t e  some of  t h e  convent ions 

used i n  Quest,  In  the  f i rs t  example, l o c a t i o n  i s  a code and time is  spec i -  

For example: 

f i e d  as year  and month, Addit ional  va lucs  f o r  time, such as t h e  s t r i n g  66, 

4 ,  1 2 ,  16, 30.0 s p e c i f i c s  yca r ,  month, day, hour ,  and minute. In  t h e  second 

s t a t emen t ,  t h e  two va lues  f o r  l oca t ion  a r e  x and y va lues  dcs igna t ing  a 

s p a t i a l  compartment. Time, i n  this second s ta tement ,  is i n d i c a t e d  as a code 

by t h e  c l ia rac te r  C. The following va lue  o r  c h a r a c t e r  is t h e  code represen-  

t i n g  a time value.  The code must be converted t o  a t ime s t r i n g  of t h e  type 

j u s t  descr ibed  f o r  s e l e c t i o n  of a quadrant  and access  t o  da ta .*  

Both t h e  loca t ion  dimension and time dimension are determined t o  be i n  

one o f  t h r e e  s t a t e s .  The loca t ion  dimcnsion s p e c i f i c s  a uniform s p a t i a l  com- 

par tment ,  an a r e a l  u n i t ,  o r  is empty. S i m i l a r l y ,  t h e  time dimension s p e c i f i e s  

*The conversion froin time code t o  a c t u a l  time va lue  can be accomplishcd 
A conversion t a b l e  o r  formula i s  c a l l e d  by a conversion t a b l c  o r  a formula, 

upon f o r  < f i l e  name i>. 



an annual time i n t e r v a l ,  a non-annual t i n e  i n t e r v a l  o r  i s  empty. 

There a r e  t h r e e  choices  each f o r  t h e  l o c a t i o n  diiierision and the  time 

dimension. The first concern i s  when both dimensions are non-empty. Of 

t h e s e ,  a d i r e c t  dec i s ion  i s  des i red  as t o  which quadrant  t o  access .  ?‘able 

6-1 r e p r e s e n t s  t h e  s e l e c t i o n  of  quadrants  from , t h e  choices  of  t he  loca t ion  

diitie~rsion and t ime dimension. 

column means t h e  loca t ion  dimension i s  an x and y va lue  des igna t ing  a s p a t i a l  

compartn:ent, * 

t h e  t ime dirr.cnsion denotes  an annual t ime i n t e r v a l ,  quadrant  I of t h e  d a t a  

d i r e c t o r y  i s  s e l e c t e d .  Table 6 - 2  i n d i c a t e s  t h e  dimension combinations f o r  

s e l e c t i n g  t h e  o t h e r  quadrants .  

A value of  one i n  t h e  s p a t i a l  cosipartmcnt 

IVlien t h e  l o c a t i o n  dimension denotes  a s p a t i a l  compartment and 

TABLE 6-2 

SELECTIOK OF QUAL)?.kiT F1lO;J LOCATION AKD 1’IbiE DII?iENSIONS 

- - 

LOCATION 111 FIENSION 

S p a t i a l  Areal 
Compartment Unit Empty 

1 0 0 

1 0 0 

0 1 0 

0 1 0 

~ 

Non - 
hnual  Annual Empty 

1 0 0 

0 1 0 

1 0 0 

0 1 0 

Octal  
Represen- 

t a t i o n  

44 

42 

24 

22 

Quad r a n t  

I 

I1 

111 

IV 

*To f a c i l i t a t e  quadrant  s e l e c t i o n ,  r e p r e s e n t a t i o n  of  t h e  l o c a t i o n  dimen- 
s i o n  s t a t e  and t h e  t ime dimension s t a t e  a s  a s i n g l e  o c t a l  number f a c i l i t a t e s  
subsequent t e s t s .  
two o c t a l  numbers, I n t e r p r e t i n g  t h e  l o c a t i o n  dimension of t h e  f i l e  s e l e c -  
t i o n  s t a t e n e n t ,  an o c t a l  4 i s  assigned f o r  va lues  des igna t ing  t h a t  t h e  
loca t ion  d immsion  is a s p a t i a l  compartment. S i m i l a r l y ,  an o c t a l  4 i s  
ass igned  when t h e  t i n e  dinension in t l ica tcs  an annual i n t e r v a l ,  
l oca t ion  dimension o c t a l  nuinber one p o s i t i o n  t o  the  l e f t .  
o c t a l  4 a r e  combincd us ing  a masking ope ra to r  t o  form t h e  b i t - b y - b i t  l o g i c a l  
p roduct ,  r e s u l t i n g  i n  an o c t a l  44, 

For example, view t h e  s i x  coluriins as b ina ry  numbers o r  

S h i f t  t h e  
The o c t a l  40 and 
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As s t a t e d  above, t h e  time dimension o f  t h e  f i l e  s e l e c t i o n  s ta tement  may 

be  empty. This  i s  au tomat i ca l ly  i n t e r p r e t e d  as a r eques t  f o r  t h e  most cu r ren t  

t ime va lue  f o r  t h e  type  of d a t a  being s e l e c t e d .  

When t h e  l o c a t i o n  dimension of a Quest f i l e  s e l e c t i o n  s ta tement  i s  empty, 

t h e  i n i t i a l  i n t e r i j r e t a t i o n  i s  t h a t ,  f o r  a given time, a l l  d a t a  f i l e s  f o r  

s p a t i a l  compartments a re  t o  be  searched.  

quadrant  I of I1 i s  accessed .  T h i s  i n t e r p r e t a t i o n  may be modified i f  a 

fo l lowing  s ta tement  of  t h e  Quest program i s  an ADD(POLYG0N ...) modi f i ca t ion  

Depending of t h e  t ime dimension, 

s t a t emen t ,  Using t h e  maximum and minimum coord ina te  va lues  of t h e  polygon 

a de te rmina t ion  can be made t o  conf ine  t h e  search  t o  a s p a t i a l  compartment(s) 

i n  which t h e  polygon i s  s i t u a t e d .  

Data Di rec to ry  Implementation 

As suggested i n  t h e  in t roduc t ion  t o  t h i s  d i scuss ion  o f  a d a t a  d i r ec to ry ,  

and as i l l u s t r a t e d  i n  t h e  d i r e c t o r y  d e s c r i p t i o n ,  an automated d i r e c t o r y  i s  

immense and complex. The obvious ques t ion  i s  whether an automated d i r e c t o r y  

i s  worthwhile.  In  answering t h i s  ques t ion  t h e  most important cons ide ra t ions  

r e l a t e  t o  t h e  frequency of  us ing  t h e  d i r e c t o r y  and t o  t h e  type  of query 

system, i . e . ,  an  o n - l i n e  query system ve r sus  a ba tch  process ing  system. 

An automated d i r e c t o r y ,  such as descr ibed  above can on ly  be considered 

f e a s i b l e  i f  t h e  frequency o f  using t h e  d i r e c t o r y  warran ts  i t s  permanent 

r e t e n t i o n  on d i r e c t  access  s to rage  o r  i f  complex d a t a  s t r u c t u r e s  r e q u i r e  

l i nkage  on d i r e c t  access  s to rage .  Secondly, an automated d i r e c t o r y  impl ies  

immediate need f o r  query response.  Conversely,  a ba tch-process  system does 

no t  r e q u i r e  an automated d i r e c t o r y .  I n  ba tch-process ing ,  n a r r a t i v e  i n s t r u c -  

t i o n  s u f f i c e s  f o r  t h e  s e l e c t i o n  o f  d a t a  f i l e s  t o  sea rch .  The u s e r  o r  d a t a  

l i b r a r i a n  c o n s u l t s  a manual indexing system f o r  t h e  s e l e c t i o n  of  appropr i a t e  

d a t a  f i l e s .  

/ 
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An on- l ine  d a t a  r e t r i e v a l  and management system enables  u s e r s  t o  

There must e x i s t  a s u f f i c i e n t  need f o r  handle  r ea l - t ime  query needs. 

immediate .or  r ea l - t ime  response f o r  t h e . r e t r i e v a 1  and management o f  spa-  

t i a l l y  d i s t r i b u t e d  d a t a  t o  warrant an on - l ine  system, 

contex t  t h a t  an autohated d i r e c t o r y  is considered.  

I t  i s  i n  t h i s  

An on- l ine  system enables  a d ia logue  between t h e  user-programmer and 

computer system. Diagnost ic  a s s i s t a n c e  i s  b u i l t - i n t o  on- l ine  programming 

systems. S imi l a r ly ,  a dialogue between the  user-programmer and t h e  computer 

system i n  t h e  s e l e c t i o n  of  d a t a  f i l e s  i s  a necessary  element of an automated 

d a t a  d i r e c t o r y .  

mated d a t a  d i r e c t o r y  a r e  checks t o  i n s u r e  t h a t  t h e  s p e c i f i e d  f i l e  name 

Some o f  t h e  safeguards t h a t  should be b u i l t - i n t o  t h e  auto-  

e x i s t s  i n  t h e  d a t a  d i r e c t o r y ,  t h a t  t h e  l o c a t i o n  dimension of  t h e  d a t a  i n  t h e  

s p e c i f i e d  f i l e  is measured i n  the same u n i t s  as t h e  u n i t  used i n  t h e  f i l e  

s e l e c t i o n  s ta tement ,  and t h a t  the measurement u n i t s  f o r  t h e  time dimension 

are t h e  same i n  t h e  d a t a  as are s p e c i f i e d  i n  t h e  f i l e  s e l e c t i o n  s ta tement .  

Also checks must be made t o  insure  t h a t  on ly  p rope r ty  names arc used t h a t  

are def ined  i n  t h e  documented f i l e s .  

As p a r t  o f  t h e  on- l ine  query and r e t r i e v a l  system and t h e  automated d a t a  

d i r e c t o r y ,  it would be advisable  t o  p r i n t  ou t  a format d e s c r i p t i o n  of t h e  

d a t a  s p e c i f i e d .  Spec ia l  emphasis i n  the  d a t a  d e s c r i p t i o n  sliould c e n t e r  on 

t h e  form of t h e  t ime and loca t ion  dimensions t o  assist i n  t h e  s e l e c t i o n  of  a 

quadrant  and t h e  names of p r o p e r t i e s  f o r  use wi th in  t h e  Quest program. 

A more sys t ema t i c  d i scuss ion  o f  computer systems f o r  t h e  s t o r a g e  and 

r e t r i e v a l  of s p a t i a l  d a t a  i s  presented  i n  t h e  next  chapter .  

ments concerning systems cons ide ra t ions  are included here  t o  emphasize the  

iniportance of t h e  computer systcm i n  t h e  development of  a d a t a  d i r e c t o r y ,  The 

computer systems requirements  fo r  implementation of d a t a  system c a p a b i l i t i e s  

The above s t a t e -  
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... 

conceived i n  t h i s  s tudy  a r e  only i m p l i c i t  a t  t h i s  p o i n t .  The next  chap te r  

e x p l i c i t l y  cons iders  t h e  hardware requircmcnts  f o r  t h e  development o f  a 

d a t a  system. 

updat ing  t h e  d a t a  i n  t h e  systcm and t h e  i i r e c t o r y . " ~  

An important elcment of . , t h e  hardware rcquircments r e l a t e  t o  
. 

1 

For long term u t i l i t y ,  a da t a  d i r e c t o r y  must be  updated. As wcl l  as 

des igning  t h e  system t o  access  da t a  f i l e s ,  des ign  cons ide ra t ion  must be 

g iven  t o  enable  change and growth of both t h e  system i n  i t s  e n t i r e t y  and 

t h e  d a t a  d i r e c t o r y .  

u s e  i n  maintaining a c u r r e n t  d i r e c t o r y  o f  t h e  va r ious  s p a t i a l  d a t a .  

Spec ia l  u t i l i t y  programs must be w r i t t e n  f o r  p e r i o d i c  

In  summary, t h e  d ive r seness  of s p a t i a l  d a t a  of  concern t o  urban a n a l y s t s  

n e c e s s i t a t e s  t h a t  d a t a  be organized i n  terms of t h e i r  s p a t i a l  and temporal 

c h a r a c t e r i s t i c s .  Data handl ing c a p a b i l i t i e s  must e x i s t  f o r  t h e  s t o r a g e ,  

querying,  r e t r i e v a l  and r epor t ing  o f  gene ra l  classes of d a t a .  Up t o  now 

t h e  concern has  been with t h e  conceptual problems of organiz ing  and access ing  

d a t a .  

a t i o n s  f o r  handl ing d a t a .  

Subsequent cons ide ra t ion  will be  with hardware and systems cons ide r -  
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CHAPTLR 7 .  HARUIVARE-SOFTIRE SYSTEM CONFIGURATIONS 

In t roduc t ion  

Having presented  va r ious  f a c e t s  and concepts  of  genera l  purpose systems 

f o r  handl ing s p a t i a l  d a t a ,  system design and implementation cons ide ra t ions  

a r e  now d i scussed ,  The approach i s  t o  cons ide r  a continuum of computer 

system Conf igura t ions .  These conf igu ra t ions  range from a genera l  purpose 

computer and a genera l  purpose programming language t o  an exc lus ive  and 

s p e c i a l i z e d  computer with an  on - l ine  query c a p a b i l i t y .  Between t h e s e  two 

extremes a re  system conf igura t ions  wi th  l imi t ed  s p e c i a l i z e d  c a p a b i l i t i e s .  

The system c h a r a c t e r i s t i c s  and the  advantages and disadvantages of t h e s e  

systems are  d iscussed .  

Th i s  d i scuss ion  of system design and implementation i s  a n a r r a t i v e  form 

of  F igure  7-1. The c e l l s  o f  Figure 7-1 s i g n i f y  system cons ide ra t ions  

r e l a t i n g  t o  t h e  va r ious  system conf igura t ions  and t h e  v a r i o u s  system phases. 

F igure  7-1, wi th  empty c e l l s  merely provides  an  overview of  t h e  o rgan iza t ion  

of t h i s  c h a p t e r .  

Continuum of  Hardware-Software Confi.gurations 

There are numerous p o s s i b l e  hardware-software conf igu ra t ions  t h a t  can b e  

considered i n  t h e  design o f  a system f o r  handl ing s p a t i a l  d a t a .  Rather than 

i n v e s t i g a t i n g  a l l  p o s s i b i l i t i e s ,  f i v e  systems ranging from a v e r y  genc ra l  

conf igu ra t ion  t o  a very  spec ia l i zed  conf igu ra t ion  a re  cons idered .  I t  i s  f e l t  

t h a t  t h e s e  conf igu ra t ions  provide s u b s t a n t i a l  i n s i g h t  a s  t o  t h e  requirements  
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and c a p a b i l i t i e s  of systems f o r  handling s p a t i a l  da t a .  

A t  the i i rs t  level, a system c o n s i s t i n g  of  a general  purpose cornputcr 

A t  t h i s  systems and a genera l  purpose programming language i s  considered.  

l e v e l ,  work i s  performed by batch p+ocessing. 

c e s s o r  i s  of less concern than  rap id  input-output  c a p a b i l i t i e s .  

l eve l ,  t h e r e  i s  no requirement f o r  exc lus ive  use  of  any hardware. Variable  

amounts of computer t i i n e  are used as nceded. 

S ize  and speed of t h e  pro-  

A t  t h i s  

The system of l e v e l  2 provides  g r e a t e r  c a p a b i l i t y  and ease  of use. 

Level 2 c o n s i s t s  of a genera l  purposc computer with an exc lus ive  d i r e c t  

access (d i sk  o r  drum) s t o r a g e  and a problem-oriented programming language. 

The exc lus ive  d i r e c t  access  s torage  enables  access ing  da ta ,  a t  var ious  

t ines  and dur ing  d i f f e r e n t  runs  without having t o  load these  d a t a  p r i o r  t o  

each use  and unload a f t e r  each use. Also, l e v c l  2 assumes t h e  implementation 

of a problem-oriented o r  t a sk -o r i en ted  programming language. Problem-oriented 

programming languages are h igh ly  spec ia l i zed  t o  s p e c i f i c  problems. 

t h e s e  a r c  a programcling language per se o r  a gene ra l i zed  package program, 

problem o r  task o r i en ted  systems a re  designed t o  handle a class o f  problems. 

The systems are designed t o  s impl i fy  problems wi th in  i t s  class. 

beyond i t s  class cannot be or  a r e  n o t  e a s i l y  accommodated. 

a t  levcl  2 enable  manipulation of d a t a  with r e l a t i v e  ease  f o r  given types  

h'hether 

- 

Problems 

Computer systems 

of problems, such as f i l e  manipulation, d a t a  r e t r i e v a l  and/or d a t a  r epor t ing .  

In  a d d i t i o n  d a t a  t h a t  are accessed o f t e n ,  are r e t a i n e d  f o r  cont inued usage. 

Level 3 c o n s i s t s  o f  on- l ine ,  t i n e  shared systems. Time-sharing permi ts  

nuriicroils remote u s e r s  t o  work d i r e c t l y  ( o r  on - l ine )  with t h e  same computer, 

concurren t ly ,  y e t  independent ly ,  [5, p .  11. 

o r i e n t e d  programming language, such a system acconmodntes q u e r i e s  t o  exclu-  

s i v c  d i r e c t  access  s to rage .  Systems a t  l e v e l  3 a r e  s u i t a b l e  f o r  responding t o  

\ f i t I i  a f i l c - o r i e n t e d  and problem- 
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q u c r i c s  but  not  f o r  l a r g c  d a t a  processjng jobs .  

1,evcl 4 c o n s i s t s  of a spcc ia l  purpose o n - l i n e  computer system. Thesc 

systems a r e  s p e c i a l  putpose with r c s p e c t  t o  t h e  d a t a  base  and with r e spec t  

t o  t h e  query language. 

query language d e a l s  with a s p e c i f i c  s e t  of problems. 

l i n e  q u e r i e s  t h e s e  systems may be opera ted  as a batch processor  f o r  r e l a t e d  

l a r g e - s c a l e  d a t a  process ing  o r  f o r  genera l  d a t a  process ing .  

purpose programming language must a l s o  be a v a i l a b l e  f o r  use i n  t h i s  mode. 

S t a t e d  i n  r eve r se ,  ope ra t ion  i n  batch process ing  mode i s  sub jec t  t o  i n t e r -  

r u p t  f o r  o n - l i n e  q u e r i e s .  

Queries  a r e .  t o  a common base  of s p a t i a l  d a t a  and t h e  

When not  used f o r  on- 

Thus, a gene ra l  

F i n a l l y ,  l e v e l  5 c o n s i s t s  of s p e c i a l l y  designed hardware and sof tware ,  

and on - l ine  Cathode Ray Tube (CRT) dev ices .  Systems a t  t h i s  l e v e l  a r e  

designed t o  handle  s p e c i f i e d  jobs and t o  provide d e s i r e d  c a p a b i l i t i e s .  

s p e c i a l l y  designed f e a t u r e s  might c o n s i s t  of such f e a t u r e s  as d i g i t i z i n g  

coord ina te  l o c a t i o n s  us ing  cathode r a y  t u b e  and l i g h t  pen, hardware f o r  

determining whether p o i n t s  are i n  polygons,  and o t h e r  dev ices  t o  f a c i l i t a t e  

t h e  manipulat ion of urban d a t a .  

e x i s t  and it i s  mere con jec tu re  as  t o  t h e s e  conf igu ra t ion  and f e a t u r e s ,  it 

is assumed t h a t  systems of t h i s  l e v e l  have a l l  of t h e  c a p a b i l i t i e s  of t h e  

lower l e v e l  p l u s  s p e c i a l l y  designed f e a t u r e s  f o r  handl ing s p a t i a l  d a t a ,  

as well as a d d i t i o n a l  b u i l t - i n  f e a t u r e s .  

The 

Although systems a t  t h i s  l e v e l  do not  

System Phases 

S p e c i f i c  phases of system developinent a r e  considered i n  eva lua t ing  t h e  

c h a r a c t e r i s t i c s  of  systems at each l e v e l  a long t h e  continuum. ‘These phases 

a r e  des ign ,  implementation, u s e  and updat ing .  Each of these phases  imposes 

c o n s t r a i n t s  upon a systcm conf igura t ion .  
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. -  

System Design 

l'lie design of systems c o n s i s t s  of d e f i n i n g  t h e  problem, s e l e c t i n g  

o b j e c t i v e s ,  syn thes i z ing  o r  invent ing a l t e r n a t i v e  systems , a n a l y s i s  of  t h e  

systems, and s e l e c t i o n  of t h e  "best" system [ d ,  p.91.  

Problem d e f i n i t i o n  i s  t h e  t ransformat ion  of  an inde termina te  s i t u a t i o n  

i n t o  a p a t t e r n  of  f a c t u a l  d a t a  f o r  t h e  purpose of s e t t i n g  o b j e c t i v e s .  Ex- 

p r e s s i n g  a problem i s  express ing  an u n s a t i s f i e d  need. Thus, problem d e f i n -  

i t i o n  i s  determining needs.  

f o r  s p a t i a l  d a t a .  

O f  i n t e r e s t  he re  a r e  t h e  needs of  an agency 

The product of problem d e f i n i t i o n  is a s e t  of o b j e c t i v e s .  Se l ec t ing  

o r  choosing o b j e c t i v e s  guide  t h e  search  f o r  a l t e r n a t i v e  systems, and provide  

t h e  c r i t e r i a  f o r  s e l e c t i n g  a system. 

phys ica l  system i n  terms of th ings  t h a t  a r e  va lued .  This  va lue  system pro-  

v i d e s  t h e  means f o r  judging t h e  r e l a t i v e  m e r i t s  of t h e  a l t e r n a t i v e  phys ica l  

systems t o  be synthes ized .  

Objec t ives  desc r ibe  t h e  d e s i r e d  

There i s  cons ide rab le  i n t e r p l a y  between t h e  s e l e c t i o n  of o b j e c t i v e s  and 

"systems s y n t h e s i s  . ' I  

s o l u t i o n s  t o  a problem. 

cond i t ions ,  and i n p u t s  and outputs .  

f u n c t i o n s  o r  ope ra t ions  t h a t  must be performed, and re la tes  those  f u n c t i o n s  

w i t h i n  a system t o  provide t h e  des i r ed  o u t p u t s .  

Systems syn thes i s  i s  t h e  development of a l t e r n a t i v e  

Systems s y n t h e s i s  c o n s i s t s  of d e f i n i n g  boundary 

Then one proceeds t o  determine t h e  

Systems a n a l y s i s  i s  t h e  oppos j te  of systems s y n t h e s i s .  In  systems 

a n a l y s i s ,  one decomposes t h e  a l t e r n a t i v e  systems t o  determine a l l  r e l e v a n t  

sequences.  These consequences a r e  compared t o  t h e  i n i t i a l  o b j e c t i v e s ,  p ro-  

v id ing  a feedback t o  systems syn thes i s  and s e l e c t i o n  o f  o b j e c t i v e s .  Unfor- 

t u n a t e l y ,  t h e  decision-making procedure i s  not  o f t e n  s t r a igh t - fo rward .  When 

t h e  consequences o f  a l t e r n a t i v e  systems a r e  u n c e r t a i n ,  indcpcndent and involve  
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d i f f c r c n t  s c a l e s  of va lue ,  t h e r e  i s  no comprehensive procedure f o r  making 

a d e c i s i o n .  

t h e  s e l e c t i o n  of a l t e r n a t i v e s  i s  u s u a i l y  i n t u i t i v e  e l imina t ion  and s e l e c t i o n  

p rocess .  * 

Except f o r  i i c c c s ,  such a s  maximizing p r o f i t  o r  minimizing c o s t ,  

.I 
1 

The systems des ign  problem i s  bounded by t h e  s ta tement  of o b j e c t i v e s  

o r  requi-rements,  as d iscussed  above, by t echno log ica l  l i m i t a t i o n s ,  and a 

l i m i t  of t ime and r e sources .  

i s  beyond p resen t  technology, beyond t ime limits, o r  beyond c o s t  l i m i t s .  

Thus, f e a s i b i l i t y  cons ide ra t ions  may impose a c o n s t r a i n t  upon systems per -  

formance o b j e c t i v e s  and r e q u i r e  t h e i r  r e fo rmula t ion .  

I t  i s  of l i t t l e  va lue  t o  des ign  a system t h a t  

A system t h a t  responds t o  user  needs i s  t h e  primary o b j e c t i v e  i n  system 

des ign .  In  syn thes i z ing  a l t e r n a t i v e  systems, t h e  needs and o b j e c t i v e s  a r e  

t r a n s l a t e d  i n t o  hardware conf igu ra t ion .  

cons t r a ined  by f i n a n c i a l  capac i ty .  

a sof tware  system i s  designed f o r  t h e  g iven  hardwarc Conf igura t ion .  

sof tware des ign  a t tempts  t o  meet t h e  needs and Objec t ives .  

system, f o r  a given hardware conf igu ra t ion ,  i s  unable  t o  meet t h e  needs,  t h e  

o b j e c t i v e s  and hardware a r e  recons idered .  

Th i s  hardware conf igu ra t ion  i s  

Given an  upper l i m i t  as t o  hardware, 

The 

If a sof tware  

E i t h e r  t h e  o b j e c t i v e s  a r e  sca l ed  

down o r  t h e  hardware conf igu ra t ion  i s  augumented, so t h a t  sof tware  can 

be designed t o  meet t h e  o b j e c t i v e s .  

Implementat ion  

The implementation phase of system development poses  problems t h a t  

i n f l u e n c e  system conf igu ra t ion .  Impor tan t .  implementation cons ide ra t ions  

*See Mall [4], Chapter 4 fo r  a d e t a i l e d  t rea tment  o f  t h i s  system des ign  
p r o c e s s .  I n  h i s  framework, t h i s  process  i s  Exploratory Planning.  
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r e l a t e  t o  s t ag ing  t h e  devclopmcnt of  system components t o  maximize use  a t  

each s t a g e ,  t o  minimize o v e r a l l  c o s t ,  a n d  t o  reduce f l u c t u a t i o n  of  resource  

rcqui remcnts .  system periormancc and c o s t  cons i c~e ra t ions  a l s o  inc ludbs  t h e  

t r a i n i n g  of  personnel ,  development t ime f o r  sof tware ,  and lead t imes  and 

a r r i v a l  of hardware. F i n a l l y ,  a p l an  f o r  c o l l e c t i n g  and organiz ing  d a t a  

i s  devised and implemented. 

hardware and sof tware  development and i n s t a l l a t i o n  schedules  . 
hand, system implementation i s  dependent upon accumulating t h e  necessary  

d a t a  con ten t .  

development of a computer system and a d a t a  base .  

On one hand, implementation i s  cons t r a ined  by 

On t h e  o t h e r  

Resource a l l o c a t i o n  obviously p l ays  an important r o l e  i n  t h e  

Use 

Ease with which a system may be  used i s  an  important cons ide ra t ion  i n  

system des ign .  

more func t ions  i n t e r n a l l y .  If these  i n t e r n a l  f u n c t i o n s  a re  automated, t h e r e  

i s  a need f o r  more powerful hardware and/or  more s o p h i s t i c a t e d  sof tware .  

For i n s t a n c e  an  automated question-answering system r e q u i r e s  more power and 

s o p h i s t i c a t i o n  than  a system without t h i s  c a p a b i l i t y .  

As might be  expected, systems which a r e  easy t o  u s e  perform 

On t h e  o t h e r  hand, 

s impler  computer systems may have cons ide rab le  u t i l i t y  i f  coupled with 

s k i l l e d  t e c h n i c i a n s .  

p rocesso r .  

t i o n s  t o  q u e r i e s ,  s e l e c t s  d a t a  f o r  process ing ,  s p e c i f i c s  parameters  t o  package 

programs, and organizes  ou tpu t .  More complex computer s y s t e m  a r e  necessary  

In a system of  t h i s  t ype  t h e  computer system i s  a 

The t e c h n i c i a n s  provide a d e c i s i o n  func t ion  t h a t  t r a n s l a t e s  ques- 

t o  reduce t h e  need f o r  s ca rce  s k i l l e d  systems t e c h n i c i a n s  and provide  d i r e c t  

i n t e r f a c e  between t h e  computer system and t h e  users .  

As t h e  l e v e l  i n c r e a s e s  on thc  continuum of hardware-software configura-  

t i o n s ,  more dec i s ion  func t ions  are  automated, and t h e  e a s i e r  it i s  f o r  u s e r s  
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t o  communicate d i r e c t l y  with t h e  

continuum t h e r e  i s  l e s s  need f o r  

computer system, o r  l e s s  need t o  

computer system. As one moves along t h e  

spec i a  1 t r a  i n i ng t o  c ommun i c  a t  e with t h e  

go through a systems t echn ic i an .  

Updating Data 

Ease of updat ing a data system i s  an important cons ide ra t ion  of system 

des ign  and i n  s e l e c t i n g  a system conf igu ra t ion  along t h e  continuum. 

f o r  updat ing o r  adding t o  f i l e s  t h a t  a r e  r e t a i n e d  on d i r e c t  access  s t o r a g e  

a r e  p a r t i c u l a r l y  important .  

t o r i e s  i s  necessary  f o r  systems conta in ing  d i v e r s e  types  of urban d a t a .  

Methods 

A s  well a s  updat ing d a t a ,  updat ing of d a t a  d i r e c -  

System C h a r a c t e r i s t i c s  

Some c h a r a c t e r i s t i c s  o f  systems along t h e  continuum a r e  presented  below. 

The framework, developed above, is used t o  draw some g e n e r a l i z a t i o n s  and t o  

d i s c u s s  advantages and disadvantages of systems a t  t h e  f i v e  l e v e l s  a long t h e  

continuum . 

Level 1 

Computer systems a t  l e v e l  1 a r e  completely genera l  purpose.  The d a t a  

system a t  t h i s  l e v e l  i s  merely a set of  package programs t h a t  process  d a t a  

s t o r e d  on s e r i a l  o r  t a p e  f i l e s .  

ope ra t ion  of t h e  d a t a  system i s  j u s t  another  j o b .  

As fa r  a s  t h e  computer system i s  concerned 

Systems a t  l e v e l  1 impose s t r i n g e n t  des ign  c o n s t r a i n t s .  For  t h e  most 

p a r t ,  systems a t  t h i s  l e v e l  cons i s t  of package programs. 

o r  package programs t h a t  a r e  submitted as ind iv idua l  r u n s .  U t i l i t y  programs 

f o r  e d i t i n g ,  fo rma t t ing ,  s ea rch ,  and r e p o r t i n g  a r e  necessary .  By spec i fy ing  

parameters ,  programs such as  these  have cons ide rab le  power. 

These are u t i l i t y  

With t h e  d a t a  system being j u s t  another  u s e r  of  t h e  genc ra l  purpose 
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s e r i a l  o r  tape  f i l e s  t h a t  a re  s u i t a b l e  f o r  ba tch  processing and without 

permanent hardware requirenicnts . 

System implcmentation, use ,  and updat ing d a t a  a r e  a l l  c o n t r o l l e d  by t h e  

hardware-softwarc'configuration of a gcnera l  purpose computer and a gencra l  

purpose programming language. Implementation c o n s i s t s  l a r g e l y  o f  wr i t i ng  

package o r  u t i l i t y  programs and preparing d a t a  organized i n  s e r i a l  f i l e s .  

Systcm use  c o n s i s t s  of  search ing  o r  process ing  d a t a  by spcc i fy ing  parameters  

and running package programs. 

perform t h e  job ,  s p e c i a l  programs must bc w r i t t e n  us ing  whatever genera l  pur -  

pose programming language is  a v a i l a b l e .  

reasonably  s t r a i g h t  forward. 

i n g ,  replacing, o r  merging t o  e x i s t i n g  da ta .  

I n  c a s e s  where t h e  package programs cannot 

Updating d a t a  a t  t h i s  l e v e l  i s  

Updating c o n s i s t s  o f  ob ta in ing  d a t a  and augment- 

The ch ie f  advantage of  systems a t  l e v e l  1 i s  t h a t  no f i x e d  hardware 

c o s t  i s  r equ i r ed .  

charges  a re  v a r i a b l e ,  and depend on t h e  amount of  computer t ime used .  

package programs t h a t  make up t h e  sof tware component of t h e  system remain 

l a r g e l y  unautomated. 

a re  performed by a systems t echn ic i an .  

Using someone e l s e s  computer i n s t a l l a t i o n ,  t h e  computer 

The 

Choice of da t a  and query formula t ion  and a p p l i c a t i o n  

The disadvantages of systems a t  l e v e l  1 a r e  p r i n a r i l y  r e l a t e d  t o  re- 

s t r i c t i o n s  of  ba tch-process ing ,  s e r i a l  f i l e s ,  and t h e  l i m i t e d  range  of 

package programs. 

a query.  

g a i n  t h e  advantage of no f i x e d  hardware c o s t ,  t h e  computer i s  shared with 

o t h e r  u s e r s  i n  a ba tch  process ing  mode of  o p e r a t i o n ,  

l a r g e l y  upon t h e  queue lcngth  of j obs .  

Batch processing r e s u l t s  i n  a t ime l a g  f o r  responding t o  

To This  l a g  i s  e s s e n t i a l l y  t h e  turn-around t ime on t h e  computer. 

Turn-around t jme depends 

Also r e l a t e d  t o  ba tch  processing and 
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f i l e s .  1)ata o r g a n i z e d  i n  s e r i a l  f i l e s  may n c c c s s i t a t e  scanning an e n t i r e  

f i l e  f o r  o rde r  t o  access  a few e n t i t i e s ,  whereas i f  t h e s e  d a t a  liere r e t a i n e d  

on addres sab le  s t o r a g e  t h e  e n t i  t i e s '  could be d i r e c t l y  accessed.  

a package program i s  w r i t t e n  t o  accomodate a c l a s s  of problems. 

F i n a l l y ,  

Problems 

beyond c l a s s e s  f o r  which package programs e x i s t  r e q u i r e  a s p e c i a l  program 

b e  w r i t t e n .  

purpose programming language and may r e q u i r e  cons iderable  s k i l l ,  e f f o r t ,  and 

t i m e  . 

A t  t h i s  l e v e l  spec ia l  programs must be w r i t t e n  i n  a genera l  

Systcms a t  l e v e l  1, w i t h  problem-oriented language- l ike  package programs, 

g e n e r a l l y  exhaust p re sen t  systems f o r  handl ing urban o r  s p a t i a l  d a t a .  

cause  of  undemonstrated o r  unce r t a in  payoffs ,  development of urban d a t a  sys -  

Be- 

tems f o r  handl ing s p a t i a l  d a t a  fo r  planning purposes have l a r g e l y  been forced 

i n t o  systems a t  l e v e l  1 where no f i x e d  hardware c o s t  i s  necessary .  Un t i l  a 

payoff f o r  urban d a t a  systems can b e  demonstrated,  t h i s  will cont inue .  

Level 2 

The hardware-software conf igura t ion  of  systems a t  l e v e l  2 a long t h e  

continuum o f f e r  g r e a t e r  spec ia l i zed  c a p a b i l i t y  f o r  handl ing s p a t i a l  d a t a .  

o f  a problem-oriented language f a c i l i t a t e s  express ion  of a query as a proces-  

s i n g  r eques t  i n  a form more convenient t o  t h e  u s e r .  Secondly, data  may be  

r e t a i n e d  on exc lus ive  addressable  s t o r a g e ,  t hus  f a c i l i t a t i n g  access ing  

s p e c i f i c  e n t i t i e s .  

Use 

Computer systems a t  l e v e l  2 enable  cons iderably  more des ign  freedom than  

i s  a v a i l a b l e  a t  l e v e l  1. Th i s  i s  p a r t i c u l a r l y  due t o  t h e  a v a i l a b i l i t y  of 

d i r e c t  access  s t o r a g e .  

r e t a i n e d  f o r  continued usage.  

O f t e n  used and accessed d a t a  can be  s t r u c t u r e d  and 
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Packagc programs and a problem-oriented language cannot always be d i s -  

t inguishcd  a s  t h c  so -ca l l ed  problem orier i ted language may 1)c a nicnns of 

spec i fy ing  parameters s t a t e d  j n  Eng l i sh - l ike  sen tences  t o  package programs. 

Romtran [6]  i s  a problem-orientcd language used t o  s p e c i f y  parameters  and 

t h e  performance of  a r i t h m e t i c  opera t ions  f o r  i nd iv idua l  package programs 

f o r  graphic  d i s p l a y  of s p a t i a l  da ta .  Span [ l ]  i s  a system of package pro-  

grams whose parameters  a r e  spcc i f i ed  by an Eng l i sh - l ike  language. As d i s -  

cussed i n  Part I ,  Chapter 2 ,  Span  has  a cons iderable  range of  c a p a b i l i t i e s  

from f i l e  manipulat ion t o  s t a t i s t i c a l  a n a l y s i s .  The l a r g e  number of a v a i l a b l e  

op t ions  o r  packagcs enables  Span t o  perform as a language a s  f a r  as most u s e r s  

a r e  concerned. 

s i n g  needs,  f o r  un i t - r eco rd  s e r i a l  f i l e s .  However, Span would have t o  be  

Span can handle  t h e  bulk of  f i l e  management and f i l e  proces-  

augmented t o  handle  d a t a  s t o r e d  on a u x i l l a r y  d i r e c t  access  s t o r a g e  t o  bc 

used i n  systems a t  l e v e l  2 .  

Se l ec t ion  o r  des ign  of  a problem-oriented programming language i s  r e l a t e d  

t o  d a t a  s t r u c t u r e .  Many problem-oriented languages such as Syan and Romtran 

can only handle  u n i t - l e n g t h  records .  Othcrs  such as Mark I11 171 can handle  

v a r i a b l e  length  r e c o r d s ,  

t h e  d a t a .  

d a t a  t o  be  r e t a i n e d  on a u x i l l a r y  s t o r a g e .  

Software must be designed t o  handle  t h e  form of 

P a r t i c u l a r l y  important i s  t h e  des ign  of t h e  d a t a  s t r u c t u r e  f o r  t h e  

Implementation c o n s i s t s  of  designing t h e  problem-oriented language and 

developing t h i s  sof tware  system, o r  i n s t a l l i n g  an e x i s t i n g  sof tware  system. 

Implementation a l s o  c o n s i s t s  of prepar ing  t h e  d a t a  base, both t h e  s e r i a l  f i l e s  

and t h e  d i r e c t  access  f i l e s ,  Use o f  systems a t  l e v e l  2 c o n s j s t s  of running 

programs whose parameters  are  s p e c i f i e d  i n  a problem-crientcd language. These 

programs process  d a t a  s t o r e d  i n  s e r i a l  f i l e s  o r  on t h e  exc lus ive  a u x i l l a r y  

d i r e c t  access  s t o r a g e .  Updating t h e  a u x i l l a r y  s t o r a g e  dev ice  poses a new, 
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al though not  s e r i o u s ,  probleiii. Updating i s  t h e  oppos i te  of r c t r i  eva l .  

means of  a mapping func t ion  o r  scanning a l i s t  t h c  appropr i a t e  s l o t  i s  

found. New d a t a  can be pos i t ioncd  or e x i s t i n g  d a t a  can be r e t r i e v e d . ,  

By 

The primary advantage of systems a t  l e v e l  2 is' t h a t  a minimal hardware 

invcstmcnt provides  much g r e a t e r  c a p a b i l i t y  t o  s t o r e  complex d a t a  s t r u c t u r e s ,  

and t o  access  of ten  used d a t a  without r e q u i r i n g  s e q u e n t i a l  s ea rch ing .  

a d d i t i o n ,  a problem-ori ented programming language, with a broad range of 

c a p a b i l i t y ,  enables  t h e  u s e r  himself ,  t o  pcrform much of t h e  d a t a  manipula- 

t i o n ,  search, and process ing .  

In  

The disadvantages of  systems a t  l e v e l  2 aga in  r e l a t e  t o  t h e  turn-around 

t ime on a genera l  purpose computer opera ted  as a ba tch-processor .  

t h c  d a t a  system i s  jus t  another  job t o  t h e  computer. 

i s  t h a t  updat ing t h e  a u x i l l a r y  s to rage  consumes computer t ime j u s t  as 

access ing  it f o r  r e t r i e v a l  purposes does.  

Again, 

The second disadvantage 

Level 3 

Level 3 hardware-software conf igu ra t jons  a rc  o r i e n t e d  t o  f a c i l i t a t e  

query response,  bu t  a t  t h e  expense of l a r g e - s c a l e  d a t a  p rocess ing .  

a t  t h i s  l e v e l  enable  r a p i d  access  t o  d a t a  i n  addressable  s t o r a g e .  

Systems 

The on- 

l i n e  query formula t ion  and immediate computer access  v i a  t ime-sharing provide  

a "real- t ime" query system. 

v i r t u a l l y  immediate wi th  r e spec t  t o  us ing  t h e  answer. 

Real-time i n  t h e  sense  t h a t  query response i s  

Design of  systems a t  l e v e l  3 are  c l e a r l y  a response t o  a need f o r  

handl ing  q u e r i e s  t h a t  a r e  posed a t  i r r e g u l a r  t imes  and t h a t  r e q u i r e  immediate 

answers.  Such a need might be t o  i n q u i r e  as t o  account ba lances ,  t o  determine 

owners of  v e h i c l e s  given t h e  l i c e n s e  number, t o  determine t h e  p re sen t  l o c a t i o n  

of f r e i g h t  c a r s ,  o r  t o  deterriiinc t h e  s t a t u s  of  an o r d e r .  

i n  designing f i l e  manipulat ion c a p a b i l i t i e s  f o r  a t ime-shared computer system. 

D i f f i c u l t i e s  a r i s e  
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us ing  a common language. With "simiiltaneous" u s e r s ,  a t ime-sharing computer 

must convmsc  j n  a s i n g l c  language. Thus, t h e  use r  o f  t h e  d a t a  system must 

converse o r  query t h e  d a t a  us ing  t h e  language. Package programs o r  r o u t i n e s  

w r i t t e n  i n  t h i s  common language could be c a l l e d  and parameters s p e c i f i e d  t o  

nega te  a good sha re  of t h i s  problcm, howevcr. 

a t i o n  i s  t o  p r o t e c t  d a t a  and programs from "simultaneous" u s e r s .  

must be dcsigncd i n  t h e  t ime-sharing system and/or  t h e  d a t a  system t o  i n -  

s u r e  t h a t  d a t a  and programs a r e  not destroyed o r  accessed by o t h e r s .  

An important des ign  cons ider -  

Safeguards 

Implementation, u se ,  and updating cons ide ra t ions  a r e  g r e a t l y  inf luenced  

by t h e  choice  o f  a t ime-shar ing  system. 

and p r o t e c t i n g  t h e  d a t a  base,  and t o  write o f t e n  used que r i e s  o r  elements of  

q u e r i e s  as package programs t h a t  a r e  a c t i v a t e d  by spec i fy ing  on a s i n g l e  

e n t i t y .  E n t i t i e s  a r e  accessed by a mapping func t ion  t h a t  c a l c u l a t e s  a s t o r a g e  

l o c a t i o n  from a key o r  a re  accessed us ing  l is t  s t r u c t u r e s .  For example, given 

a l i c e n s e  number o r  s o c i a l  s e c u r i t y  number t h e  a s s o c i a t e d  d a t a  e n t i t y  can be 

accessed .  Updating such a f i l e  i s  aga in  t h e  r e v e r s e  of r e t r i e v i n g .  The r e -  

t r i e v a l  key is  used t o  f i n d  a loca t ion  f o r  s t o r i n g  t h e  d a t a  e n t i t y .  

Imp1 ementation c o n s i s t s  of prepar ing  

The primary advantage of systems a t  l e v e l  3 r e l a t e  t o  t h e  c a p a b i l i t y  of  

immediate response t o  q u e r i e s  t ha t  a r e  d i r e c t e d  t o  addressable  d a t a .  

advantage i s  of g r c a t  importance t o  many d a t a  u s e r s .  Immediacy of  response i s  

necessary  f o r  many func t ions ,  and an on - l ine  query system i s  e s s e n t i a l  t o  pro-  

v i d e  t h i s  immediacy. In  add i t ion ,  t ime-shar ing  is advantageous t o  minimize 

t h e  f ixed  hardware c o s t s .  

This  

Computer c o s t s  a r e  p r i m a r i l y  dependent upon tisage. 

Some disadvantages o f  systems a t  l e v e l  3 are :  no choice  of  a programming 

language, t h e  t ime-sharing systems may be implemented on hardware beyond t h e  

needs f o r  f i l e  manipulat ion,  problcms i n  p r o t e c t i n g  d a t a  and programs, and 
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1nrj;c-scaIc proccssiiii: o r  1onz scquci i t ia l  scarc!ics c:in!iot I)c c f f i c i  c n t l y  

coiiciuctcd i n  tlic t i i x - s h a r i n g  node. l h t h  t h e  progr; i i~ruing 1aiguai :e  a n t 1  

hnl-tiw;ire of n tirlic-sllariiig sys le i i  arc pi-obn’hly gcnrcd riorc f o r  scic1;itij-i c 

coiii;>utiiig than f i  IC ~iiaiiiteiiaiicc and qiicr ics .  1’1ij s 17igli t  hc avoided i f  eiioup!i 

u s e r s  Iiaving sirci l a r  que ry  needs wcrc t o  band togct’ricr a n d  dcvclop t h c i r  

ow1 tiric-s!iaring sys t cn .  Xiis  1~;oiiltl ; )robably ;>rove cspcns ive  t o  clcvclol> 

hit norc c f f i  c i c n t  i n  q l c r a t i o n .  Thc problcris of p r o t e c t i n g  da ta  and p r o -  

grans frorli dcs t iwct ion  hy s i ~ u l t a i i c o u s  USCI-s i s  r e l a t e d  t o  tlic nced f o r  an 

cxc lus ivc  randorn access s to rage  tlevi cc f o r  use i n  t he  da t a  sys t cn .  l ’ rotcct-  

ioii inust bc dcsigned i n t o  the  systciri s o  t h a t  otlicr u sc r s  cmiiot access  tlic 

exc lus ive  nusi l l a r y  da t a .  I’robably i h c  i i o s t  s e r i o u s  tlisaclvmtagc o€ l e v e l  

3 systems r c l a t c  t o  t l ic exc lus ion  of  l a rge - sca l e  d a t a  p r o ~ ~ ~ ~ i i i g  o r  1oiifi 

s ea rches .  

i n g  harclwr~rc investment, s n c r i f i c c s  capa1)i l i t i c s  f o r  product ion worl,. I’rocl- 

’leetiiig tlle o b j c c t i v c s  of  imicd ia t c  query res;)onsc and mini rii z- 

uc t ion  \:orI; nus t  bc done on a co~iiputer s y s t e n  t h a t  i s  no t  operated i i i  a 

t i n e - s h a r i n g  mode. 

t i  me - sh arili;: sys tern. 

Ilowevcr, t; ic> prog-aiis may bc w r i t t c n  a n d  debiip,qcd 011 t hc  

Level 4 

Levc 1 4 systci is  c o n s i s t  of a Iiard~:are-softi :arc c o n f i ~ u r a t i o n  t h a t  can 

be opera tcd  i n  an on- l ine  nodc or  as a b;!tch processor .  Thc on- l ine  m d c  

has p r i o r i t y  and i n t c r r u p t s  work b c i i i ~  run i n  t he  batch p rocess ing  rmles : 

Lcvcl 4 system n l so  liavc e t c l u s i v c  auxiliary adtlrcssablc s t r o a g e  and a quci-1 

sy s t e i:i ailieii a11 1 e t o p os i n  s que ri cs  1)y s ji c c i  f ),in g p arai ic t e  rs  us i n  :: r c  ino t e 

coiisoles,  I,evc1 4 systcitIs cnnblc both qi ier ics  and product ion.  S h  j c c t  t o  

query in re r ru , , t ,  tiice inay tie lensctl t o  o t h e r  users t o  reduce f ixed  h:i1-d\i:1rC 

c o s t s ,  

1)csily of s y s t e i ~ s  a t  l e v e l  4 invoIve €01-inulation of a ~ i i ~ t l t ~ ~ ~ l  f o r  cha~lgii ig 
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1r;iplcixiitation u s e ,  and updat ing ph:iSes of l c v e l  4 sys-lcms a r c  sub- 

s t a n t i a l l y  $1-ec froin ixij o r  l ial .d~~nl.e-so~t\ . :arc c o n s t r a i n t s .  Ixve l  4 s y s t e m  

f a c i l i t a t e  botli q u e r y  c:i;-,abi l i t y  and 1ary.e-scalc d a t a  proccssinr, .  In irrmle- 

incri t a t  ion t h e  ria j o r  concern i s  with d e w  lopin 2 and spcc i  a l i  zctl monitor sys ten] 

t h a t  can o1)cratc i i i  tw  r.iodcs, One ~;iodc be ing  ;i product ion s y s t e n  and the  

o t h e r  being a que ry  system. 1’rocluct-i on o r  l a rge - sca l e  d a t a  p rocess ing  typ-  

i c a l  o f  t h e  ncecls o f  func t iona l  a:;encics would opcra tc  i n  t h e  batcii-Froccs- 

sii1ll; mode. Kork i n  t h i s  r,iodc would be s u b j e c t  t o  i n t c r r u p t  t o  enable i n -  

ineclirite response t o  qlici-ies t o  t h e  d a t a  base. The fori,i of  t hc  d a t a  basc  i s  

extremely f lcxj1) lc .  Levcl 4 systcriis a r c  p r i i x i r i l y  t o  serve t h i s  d a t a  basc. 

I ts  main func t jon  i s  in f i l e  riiani;iulation ant1 d a t a  r e t r i eva l  f o r  R s i n g l e  

d a t a  basc. 

The c h i e f  ac1v;iiitage o f  l cvc l  4 s y s t e m  r e l n t c  t o  t h e  v c r s a t i l i t y  and 

f I c x i b i  l i t y  of be ing  a?,lc t o  respoiicl t o  qucri.es and  t c  perfor!:! l ;~rge-sc: t lc  

da t a  process ing  func t ions .  As we11 as tile a b i l i t y  t o  d o  botli, tiiesc? s y s t e m  

g i v e  p r i o r i t y  t o  que r i e s .  Systcr:s at t!iis l e v e l  o f r e r  g r e a t  ! ,owr i n  pro- 

v i d i n g  a f u l l  rangc o f  d a t a  s y s t e i ~  ca;>aLiility. i;’liercas s y s t e r ; ~  o f  lower 

levels  r::ny perfori;! one fu~ lc t io i i  vx11 tiicy nay have cor.yi-o::ii sed t!ieir pcrforr.1- 

mice i n  ariotliei- area.  Levcl 4 systei::s poscs a powerful enough harc1:~~:n-e- 

softw;irc confi:,uration t o  1)rovide a f u l l  range of  ur1)aii d a t a  syster;: ileecls, 

l?ic c h i e f  disat lvnri tng~ of l evc l  4 s y s t c n s  i s  t h a t  i t  involves  an expen- 

s i v e  iiarclr.:nrc- s oftwarc conf igura t ion ,  ?‘o j u s t i f y  ;in espens i  vc ha rd\;are- 

sof tware conf i iy rn t ion  su f f i c i e r i t  syst.cr;i payoff i n u s t  be d c i n o ~ i ~ t r ~ i t c d .  Yet 

t h e r e  i s  t o o  l i t t l e  esper ience  \.;i.t?i f l c x i b l e  d a t a  s y s t e m  t o  dci:ionstratc o r  



dctcri:iinc tlic p a y o f f s  w i t h  rcspcct.  t o  s p a t i a l  o r  ~rrl)an d a t a  systci:;s. 

j u s t i f y  a (1:it;i sys tem :it l evc l  4 ,  oxc isust have a ncctl f o r  f requcnt  queries 

. t o  ;i 1a1-i;~ d a t a  b;lse t l 1 ; t t  r cqu i r e s  fast  rcspoiisc, and a need f o r '  lxrgc s c a l c  

proccssi.ii,g of dcita. IIowvcr,  t h i s  large s c a l e  d a t a  proccss ing  nceil 1an:~ be 

'1'0 

ha tch  process ing  inode. 

Lcvel 5 
' I  

Lcvel 5 systci;s c o n s i s t  o f  a s ; > c c i a l l y  clcsj yicd hard!sare n i t 1  y J c c i a l l y  

designccl sof tware.  Spec ia l ly  d c s i p e d ,  i n  t h a t  the procctlurcs f o r  ! iandling 

t h c  ~ ~ ~ o l ~ l ~ ~ i ~  and ncccls o f  s p a t i a l  d a t a  are r1csi::ncd i n t o  tlic system, For 

exanplc ,  i t  wonld no t  be necessary t o  devisc  l o g i c  and w i t c  a p r o ~ r a m  t o  

determirie whcther d a t a  a rc  \$rithi.n R s e t  of  a r e a l  u n i t s  o r  t o  manipulatc these 

d a t a  f o r  sumiaarizirig t o  these  a r e a l  u n i t s .  Rather,  t h c s e  f ~ i ~ c t i o i l ~  a r c  desig-  

ned jnt .0 t h c  hai-dwarc o r  sof tware.  Quest, dcscr ibed  i n  Par t  11, Chapter 5 ,  

exec ip l i f ies  i n  a l i i i l i ted way, t h i s  approach with i t s  bui l t - in- : ,oIy~oi i  t e s t ,  

Level 5 systems, as docs l e v e l  4 s y s t c i ~ s ,  inc luck  two i:iotlc usaze and exc lus ive  

d i r e c t  acccss  s to ragc .  In f a c t ,  the  en t i r e  c o n f i ~ u r a t i o n  of l e v c l  5 ca l l s  

f o r  exc lus ive  use i n  a s p a t i a l  da t a  s y s t e n  because the  s p e c i a l l y  c!esigned 

f e a t u r e s  preclude usc by ot l icrs ,  

The design of l e v c l  5 sys tcns  assumes l i t t l c  i n  t he  \in;/ of  h a r d w r e  con- 

straints. Functions t!iat a r e  of ten pcr forned  nay warrant tlic c l c s i ~ n  o f  hard- 

ware t h a t  v i  11 aiiiortizc t h e  cos t  through rcpentetl  usage. Sucii f-L~~icti .ons a s  

I )o in t - in-pol> .~~on t e s t s ,  a d i r ec to ry  Cor s p a t i a l  d a t a ,  and tvm dii?icrisio:iaI 

s t o r a g c  f o r  nap o r  coor J ina t e  d a t a ,  nay \ :arrant s p c c i a l l y  dcs j  pieti iiarJ\mre, 

So i n  t h e  design stage, the re  i s  not  Oilly the  need t o  conceive softi iare 

systems, but a l s o  t o  consirler v:Iicthcr ;I func t ion  i s  b e t t e r  acco~i;~l is i iecl  by 
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des igning  a har t l \~nre  component t o  perform the  a c t i o n  of a conplex o r  o f t en  

uscd subprogram, A t  l e v e l  5 t h e  des igner  i s  not  working r~r i th in  a given 

har.db;;.ase conf igu ra t ion  ; t h e  (le s i g n  .proccs  s i nc ludes  design of hardware 

conponcnts a s  nccdcd. 

Two-dimensional devices  f o s  graphica l  d i s p l a y  ant1 g raph ica l  input  a r e  

Cathode Ray important  clemeiits o f  a system s p e c i f i c a l l y  f o r  s p a t i a l  d a t a .  

Tube (CRT) devices  a r e  e s s e n t i a l  f o r  t he  e f f i c i e n t  input-output  capab i l -  

i t i e s .  Display of d a t a  

t h a t  are pos i t i oned  i n  two o r  t h ree  diincnsional space and d i g i t i z i n g  of 

s p a t i a l  d a t a  may be f a c i l i t a t e d  through t h e  use of s p e c i a l l y  designed CRT's 

t h a t  a r e  on - l ine  with l e v e l  5 systems. 

CXT's arc an i n t e g r a l  p a r t  of l e v e l  5 s y s t e m .  

Another important b u i l t - i n  f e a t u r e  of  a l e v e l  5 syster i  i s  a s t r e c t  

address  t o  l o c a t i o n a l  coord ina te  t r a n s l a t i o n  system. Uial  [33 has devel-  

oped a sof tware  s y s t c n  t h a t  r equ i r e s  s e v e r a l  s t a g e s  of d i s c r e t e  opcra t ions .  

I t  i s  envis ioned t h a t  a level 5 system performs t h c s e  s t a g e s  i n t e r n a l l y  and 

without  s e v e r a l  independent computer submissions.  Again, t h e  design problcm 

i s  t o  determinc which func t ions  a r e  t o  be pcrfomecl by hardware and which 

by software.  Such a t r a n s l a t i o n  system needs t o  be f l e x i b l e  enough t o  

accept  addresses  i n  var ious  forins and o rde r  and s t i l l  convert  t hese  t o  

coord ina te  loca t ions .  To achieve t h i s  f l e x i b i l i t y  t h e  t r a n s l a t i o n  system 

mus t  c o n s i s t  o f  a c a p a b i l i t y  t o  d i s t i n g u i s h  between s t r e e t  number, s t r e e t  

name, s t r e e t  type,  pos t  o f f i c e  name, e t c .  The d i r e c t o r y  of  s t r e e t  address  

ranges t o  coort l inate  l o c a t i o n s  nay a l s o  be s t o r e d  i n  d i r e c t  access  s t o r a g e  

t o  enable  process ing  o f  unordered addresses .  This  t r a n s l a t i o n  c a p a b i l i t y  

i s  an important t a sk  i n  handl ing urban d a t a  and i s  considered t o  be essen-  

t i a l  f o r  systems a t  l e v e l  5 ,  

Implcmcntation of  l e v e l  5 system inc ludc  t h e  cons t ruc t ion  and t e s t i n g  

of hardware coinponcnts as well as developing a sof tware  system. 
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c a p a b i l i t y  possess ing  a j jrcat  deal of power with a minimal degrce of  user  

computer sk i l l s .  

b r i n g  t h e  computer c l o s e r  t o  t he  user. 

One of t h e  ob jec t ives  i n  automat in^ most func t ions  i s  t o  

' I  
1 

Use of l e v e l  S systems and da ta  updat ing a r e  h igh ly  a~rtoinated. With 

t h e  design and implementation emphasis on automating o f t e n  used func t ions ,  

e i t h e r  by means of  s p e c i a l l y  designcd hnrdvare o r  sof tware,  much of t h e  

burden of  posing que r i e s  o r  handl ing d a t a  is removed from t h e  user .  

u s e r  c a p a b i l i t i e s  such as a s i m p l i f i e d  means of express ing  on- l ine  q u e r i e s ,  

Desired 

and a use r -o r i en ted  programming language f o r  manipulat ing s p a t i a l  da t a ,  

f a c i l i t a t e  systeni use by non- spec ia l i s t s  i n  computer programming. 

systems of l e v e l  4, t h e  systems of l e v e l  5 possess  an i n t e r r u p t  f o r  on- l ine  

As i n  

q u e r i e s ,  

done i n  a very automatcd way. 

system i n  much t h e  same way as r e g u l a r  r e p o r t s  a r e  produced, 

r c p o r t i n g  are  both considcrcd a normal func t ion  t h a t  docs no t  r e q u i r e  

s p e c i a l  ac t ion ,  

As is  programming a t  t h i s  l e v e l ,  updat ing  d a t a  i s  concerned t o  bc 

Data d i r c c t l y  from sourccs  a r e  added t o  the  

Updating and 

These func t ions  a r e  b u i l t - i n ,  

The advantages of l c v e l  5 systcms r e l a t e  t o  s p e c i a l l y  dcs ig t ed  f e a t u r e s  

which enable  c f f i c i e n t  performance a t  t h e  d e s i r e d  func t ions .  

hardware a s  \wl l  as sof tware a r e  dcsigned f o r  t h e  e x p l i c i t  nceds of handl ing  

s p a t i a l  d a t a  provide a powerful u se r -o r i en ted  t o o l  f o r  manipulat ing and 

a n a l y s i s  of s p a t i a l  d a t a ,  The b u i l t - i n  c a p a b i l i t i e s ,  such as po in t - in -  

polygon t e s t s ,  graphic  d i s p l a y ,  and s t r ce t  addrcss  t r a n s l a t i o n  enables  r a p i d  

and low u n i t  c o s t  response.  

Systems whose 

?'he disadvantages of l e v e l  5 systems r e l a t c  t o  t h e i r  high design and 

development cos t .  

s a r y  p r i o r  t o  usage. 

syster.is be used ex tens ive ly ,  t h a t  t h e s e  systems provide a s u b s t a n t i a l  sav ings  

A cons iderable  hardware and sof tware  inves tncn t  i s  ncces-  

Amortization of t h e s e  c o s t s  n e c e s s i t a t e s  t h a t  t h c s e  



nv~1-  fit!?^^ ~ y s t c i i i s  or t h a t  

d c s i r c d  o b j  e c t i v c s .  

f u l l  u t i l j  za t ion  by t h c  primary agency a s  t h e  s p e c i a l l y  d c s i g n c ~ l  f e a t u r e s  

probably preclude use of t h e  system. by o t h e r  un re l a t ed  u s e r s .  

tinic i s  l o s t  r a t h c r  than  s o l d  t o  t h e  o t h e r s .  The needs f o r  t h e  system 

must f u l l y  j u s t i f y  t h e  c o s t s  of t he  system. 

estimate i n  l i g h t  o f  t h e  d e a r t h  of expericnce and t h e  d i f f i c u l t y  j n  a s s ign ing  

v a l u e  t o  information used f o r  planning i n  t h e  pub l i c  s e c t o r .  

qys? ciiiq o f  I rqqnr  power rn i i l  d no t  prrfnrin thr 

Another disadvantage i s  t h a t  t h c s c  systcrns r equ i r e  

Thus ,  spa re  

This  i s  an  extremcly d i f f i c u l t  

Sunim a r y  

The range o f  hardware-software conf igu ra t ions  d iscussed  h e r e  i l l u s t r a t e  

t h e  i n t c r r e l a t i o n s h i p s  between t h e  hardware and sof tware .  

may b e  achieved by a l i m i t e d  hardware conf igu ra t ion  and an ex tens ive  s o f t -  

ware systcm o r  it can be  achieved by a more powerful hardwarc conf igu ra t ion  

and thereby  r e q u i r e  l e s s  ex tens ive  sof tware .  

between hardware and sof tware i s  an a rea  t h a t  needs more s tudy .  The above 

p r e s e n t a t i o n  only  i l l u s t r a t e s  t h e  range and poses  t h e  problem i n  some s o r t  

of framework. 

A given c a p a b i l i t y  

Trade-off cons ide ra t ion  
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S p a t i a l  d a t a  a r e  o f  r e t r i e v a l  o f  d a t a  whose s n a t i a l  p o s i t i o n  i s  of  concern.  

p a r t i c u l a r  concern i n  urban and t r a n s p o r t a t i o n  planning.  
s i d e r a b l e  a t t e n t i o n  i s  given t o  s p a t i a l  and temporal v a r i a t i o n s  of d a t a .  

t h a t  a r e  e s s e n t i a l  i n  moving towards f l e x i b l e  and respons ive  urban information 
systems.  

In  t h e s e  f i e l d s  con- 

The t h r e e  volume r e p o r t  p re sen t s  a d i scuss ion  of concepts  and techniques  

The fol lowing a r e a s  a r e  emphasized: 
1. 
2 .  

3 .  

4 .  Presen ta t ion  of  t h e s e  t o p i c s  i n  a t u t o r i a l  form, con- 

The g r e a t e r  speeds and s torage  c a p a c i t i e s  of newer computers r e q u i r e s  new 

Exp l i ca t ion  of terms a s soc ia t ed  with s p a t i a l  d a t a .  
Discussion of means of organizing s p a t i a l  d a t a  f o r  
f l e x i b l e  and e f f i c i e n t  r e t r i e v a l .  
I n v e s t i g a t i o n  of  d a t a  handling c a p a b i l i t i e s  f o r  organ- 
i z i n g  and manipulat ing s p a t i a l  d a t a .  

ce ivab ly  t o  se rve  as a t e x t  where none p r e s e n t l y  e x i s t .  

concepts  of d a t a  o rgan iza t ion  and new mcans t o  c r e a t e  and access  t h e s e  more 
complex d a t a  s t r u c t u r e s .  O f  p a r t i c u l a r  concern i n  urban and t r a n s p o r t a t i o n  
planning a r e  needs t o  l i n k  sepa ra t e ly  c o l l e c t e d  d a t a  t h a t  r e l a t e  t o  t h e  same 
phenomena o r  s p a t i a l  l o c a t i o n s ,  and a need f o r  u se r -o r i en ted  d a t a  handl ing 
c a p a b i l i t i e s .  These needs a r e  explored and recommendations a r e  made. 
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